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Rate Coefficients for Vibrational Energy Transfer Involving 
the Hydrogen Halides 

Stephen R. Leone* 

Joint Institute for Laboratory Astrophysics, National Bureau of Standards and University of Colorado, and Department of Chemistry, 
University of Colorado, Boulder, Colorado 80309 

A comprehensive compilation of rate coefficients for vibration-to-vibratiun (V V) l:1ml 
vibration-to-translation (V - T) energy transfer processes involving hydrogen ha1ide mol
ecules is presented. The literature has been surveyed from 1966 to July 1981. Rate coeffi
cient~ are grouped according to room temperature and low and high temperature results. 
Measured results are identified according to the type of process: V - V, V - T, or the sum 
of V - V and V - T processes. The method of measurement is identified along with the 
energy discrepancy, percent error, authors, and year of publication. The results are seen to 
be in excellent agreement when multiple measurements are available. 

Key words: energy transfer; hydrogen halide; molecular relaxation; vibration. 
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The subject of vibrational energy transfer is a mature 
field of measurement science, in spite of its short history. 
Detailed measurements began in the late years of the 60's 
with the introduction oflasers. Before that, shock tube and 
spectrophone measurements provided the only known vi
brational relaxation rates. The hydrogen halides, as a group 
of molecules, were the subject of intense investigation for 
vibrational energy transfer rates because of their excellent 
properties as chemical lasers. The measurements were great
ly facilitated by the advent of hydrogen halide lasers which 
could directly excite the corresponding molecule, and the 
results of the energy transter measurements 10 tum provided 
the necessary information to enhance the output and effi
ciency of the lasers. 
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In the heyday of hydrogen halide laser research, nearly 
every conceivable measurement method was brought to bear 
on the study of important energy transfer rates. Thus it is 
possible to find in the literature a nearly complete set of vi
bration-to-vibration (V V)'and vibration-to-translation 
(V - T) energy transfer rates for the hydrogen halides. The 
rates encompass relaxation not only of the v = 1 levels, but 
often many higher levels from v = 2-7. These rates not only 
are useful for chemical laser research, but they are also need
ed for other studies involving product state distributions, 
reaction dynamics, combustion and plasma systems, and at
mospheric emissions. Thus it is valuable at this time to col
lect all of these rates into a single compilation for ready refer
ence. 

2. Scope 
The compilation contains all measurements involving a 

hydrogen halide molecule as either the molecule which is 
relaxed or as the molecule which relaxes vibrational energy 
in another molecule. The literature was surveyed from 1966 
to July 1981, and in the interest of completeness, data con
tained in material to be published were solicited from the 
main contributors to the field. References cited in each paper 
were checked thoroughly for additional. measurements. 
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Theoretical papers were scanned for tables of experimental 
values that might have been missed. Technical reports and 
meeting abstracts were reviewed for unpublished data. 

3. Arrangement of Table 
The table lists each process under one of the main 

groupings, HF, HCl, HBr, HI, DF, DCl, DBr or DI. These 
are ordered alphabetically. The alphabetical rearrangement 
suggested by the Chemical Abstracts method (FH instead of 
HF) is not followed. All other molecules are also alphabet
ized according to their commom chemical formulation (e.g., 
SF6 instead ofF6S), The hydrocarbons are ordered accord
ing to the method of Chemical Abstracts. When the hydro
gen halide is the relaxer of another molecule, e.g., 
CO(v = 1) + HF(v = O)-..CO(v = 0) + HF(v = 0), the read
er is referred to the listing beginning with the other molecule 
(e.g., CO). Thus the reader can scan just the list of the suit
able hydrogen halide in order to determine whether any 
measurement has been made. The V - V processes are listed 
first. in order of v 1 and v 2 followed by any V T 
processes, in order v = 1, v = 2, v = 3, etc. 

3.1. Categorization of Process. 

Determining the type of process (V - V, V - T, etc.) is 
perhaps the most difficult task of all. Some general decisions 
on policy had to be made in order to categorize the table in a 
simple and consistent way. A review of the measurement 
scheme is useful to understand the scheme presented in the 
table. Consider a typical pulsed relaxation measurement of 
HCl with HBr: 

ky_y 

V - V HCI(v = 1) + HBr(v = 0) ±:;: HCl(v = 0) 
k'y_y 

+ HBr(v - 1) + tlE 

kHCI-HBr 

V T HCl(v = 1) + HBr{v = 0) -.. HCI{v = 0) 

+ HBr(v = 0) -:- iJE' 

kHBr-HCl 

V - T HBr(v 1) + HCI(v = 0) -.. HBr(v = 0) 

+ HCl(v = 0) + LJE " 
kHCI-HCl 

V - T HCI(v = 1) + HCI(v = 0) -.. HCl(v = 0) 

+ HCI(v = 0) + LJE ' 

kHBr-HBr 

V - T HBr(v = 1) + HBr(v = 0) -.. HBr(v = 0) 

+ HBr(v 0) + LJE " 

First of all, the measurement involves not only a V Vequi
librium, but at least four other V - T processes. In many 
cases the relaxation with a buffer gas is also included and 
may be extracted as well. The general solution to such a 
kinetic scheme is discussed thoroughly in ref. 62 of the com
pilation, If the V - V rate is rapid enough to be separable 
from all the V - T processes, then a measurement of the sum 
of the forward and reverse V - V rate constants is obtained: 
kv _ y + k v _ y' This result taken together with detailed bal
ancing, ky _ y / k v _ v e.:lE IkT, allows ky ... v to bc detcr-
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mined. As written, the value of kv _ y is for the forward, 
exothermic direction (positivc dE). For pure V - V pro
cesses, the exothermic direction is given in the table. Often, 
however, the V - T processes arc not slow enough to sepa
rate the V - V process, and the reported V - V rate con
stant (ky _ v) is contaminated with one or more of the V - T 
rate constants. In the table, if a process is listed as pure 
V - 'Y, the measurement was judged to have obtained just 
the V - V component. In many cases the maximum extent 
of V T contamination is listed, If the V V and V - T 
processes are too fully merged to be separable, or if not 
enough information is given, the process is listed as the sum 
of V V and V T. If the V T contribution is properly 
extracted for a particular process, it is listed as pure V - T, 
The relaxation of hydrogen halides with polyatomic mole
cules, when no V - V equilibrium is observed and when the 
state of the polyatomic is uncertain, is listed as V V and 
V T. Relaxation of polyatomic molecules where the ener
gy is degraded among the modes of the polyatomic are listed 
as V T. There is general agreement that relaxation of the 
v = 2 state of a hydrogen halide involves a clear V - V equi
librium. However, relaxation of v = 3 and higher levels of 
the hydrogen halides may contain substantial V - T contri
butions. Thus, the: V V rc:1axation of IIP(v - 2) by lIP is 
listed as a V V process in the exothermic direction as 
HF(v = 1) + HF(v = 1 )-..HF(v = 2) + HF(v = 0) + LJE, 
but the relaxation ofHF(v = 3) and higher levels is listed in 
the endothermic direction as HF(v = 3) + HF(v = 0) 
-+HF(v = 2) + HF(v = 1) + iJE. This allows for the possi
bility that a substantial V T contribution may exist in the 
observed rate and for the fact that in almost all cases the 
process is actually measured in the endothermic direction. 
In some cases, the relaxation is accompanied by reaction, 
reactive exchange, or electronic-to-vibrational E - V trans
fer. These are so noted in the table. 

3.2. Explanation of Rate Coefficients 

. I he rate coefficients are listed along with any special 
remarks pertaining to method or the quantity reported. Be
cause of the kinetic complexity, very often only upper limits 
can be prescribed. Usually, the lower values of a rate coeffi
cient for a V - T process are more reliable, since any impuri
ties tend to increase the rate. The agreement between several 
measurements is frequently excellent. No attempt has been 
made to choose a best value. However, when a value is be
lieved to be seriously in error, or when a series of values have 
relative significance even though the absolute values are in 
doubt, that fact i<; inclicatecl hy a note below the entry. The 
reader unfamiliar with the field should note that clean, sin
gle-state, laser fluorescence results are often the best. How
ever, many recent flow tube measurements are of excellent 
quality. 

The values for roorn tcrnpl.!rature are listed first in 
chronological order, so rhal ~;olJlparisons and the most re
cent measuremenls lIlay he quickly discerned. Following the 
room tcmpcr;llurc n,slllt ~" low Hnd high temperature experi· 
ments arc lisll:ci ill of(kr PI' ltlcreasing temperature. Rate 
coefficicnt'. HIT on Iv given for rhe two extremes of the tem
perature:, lind wl1(·[(; nppheublc a note about the position of a 
millillllllll Of IlIilJillll\lffl ill the rate is stated. Three significant 
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figures are only listed when warranted by very small quoted 
errors. Two significant figures with the usual round-up and 
round-down at > 0.05 or < 0.05 is the norm. 

3.3. Error Quotations 

The errors tabulated are taken from the authors' own 
statements or when possible from the scatter in the data pre
sented. These are quoted in multiples of 5%, following the 
prescription that errors of7, 8, 9, 10, and 11 % are listed as 
10% and errors of12, 13, 14, 15, and 16% are listed as 15%, 
etc. Very small errors are listed as 1 %,2%,3%, etc. Typical
ly the errors represent one st~ndard deviMion from the 
mean. In many cases, the authors have not stated their meth
od of quoting errors. In a very few cases, the error represents 
two standard deviations from the mean. 

3.4. Energy Discrepancy 

The energy difference..dE is listed in cm -1. The reader 
may find the value of..d E useful to calculate the rate constant 
for the endothermic V - Vprocess by detailed balancing, or 
to obtain a feeling for the i1IUounl of energy deposited into 
rotation and translation. Sometimes, in cases where both 
V V and V T processes contribute significantly, both 
values of the energy discrepancies are given. In some cases 
where several final vibrational states are accessible, the ener
gy discrepancy for each particular state is noted. In cases 
where final vibrational and/or rotational states have not 
been precisely determined, ..dE is still listed for the ground 
state energy difference. This "nominal" energy difference is 
a useful piece of information, but must be used with extreme 
caution when considering reverse processes that might be 
calculated by detailed balancing. The correct final vibration
al and rotational states must be known for the forward pro
cess in order to successfully apply detailed balancing. The 
reader unfamiliar with the V - V l1ud V - T literature 
should not attempt to apply such reversibility criteria with
out finding out from the original literature whether the final 
states have been defined. Ordinarily ,dE is listed in the exoth
ermic (positive) direction. A minus sign is used when a pro
cess is endothermic as written. The endothermic direction is 
listed when the experimental measurement was made in the 
endothermic direction and it is not possible to ascertain the 
final states in order to apply detailed balancing. 

3.6. Temperature Ranges 

All measurements near room temperature are grouped 
together first, followed by other temperature range experi
ments listed from low to high temperatun;s. The eml points 
of the investigated temperature range are given. A value of 
295 K is chosen for all room temperature measurements 
where the actual temperature was not specified. In a few 
cases, chronologically earlier measurements at 350 K are 
listed after the fuHlist of room temperature values and might 
appear out of place. However, 350 K was deemed sufficient
ly different from 295 K to warrant its inclusion as a high 
ltmperature result. 

3.6. Code of Experimental Techniques 

. The code to the experimental techniques is; 

CB 
CD 
DR 
DR-LF 
FP 
FR 
Ff 
LF 
LF-DF 
LF-MS 
LF-ST 
LG 
SP 
ST 

crossed beam 
chemiluminescence depletion 
double resonance 
double resonance-laser fluorescence 
flash photolysis 
flow reactor 
flow tube 
laser fluorescence. 
laser fluorescence-discharge flow 
laser fluorescence-mass spectrometer 
laser fluorescence-shock tube 
laser gain 
spectrophone 
shock tube 

Laser fluorescence (LF) typically involves a direct laser 
excitation followed by time-resolved infrared fluorescence. 
In several experiments, especially for reactive atom deacti
vation, the laser fluorescence method is actually cuupled 
with a discharge flow tube to make the measurement (LF
DF). Flow tube measurements (Ff) typically involve a 
chemical reaction which generates vibrationaHy excited 
molecules and then the measurement of fluorescence 
quenching using the time axis of the flow tube. In some of the 
experiments, a well-developed laminar-profile flow tube was 
not used, but rather a flow reactur chl1lIluer was employed 
(FR). The combination of a shock-heated gas with laser-flu
orescence, time-resolved decay measurements results in the 
LF-ST method. The laser gain method (LG) often involves 
extensive modeling of a laser output and not necessarily spe
cific time-to-threshold measurements. Double resonance 
(DR) indicates the use of two lasers in conjunction, either in a 
pulse-probe experiment, or l1 pulseu plUouctioll of some re
action species. Other special qualifications are frequently de
scribed in the table under individual listings. 

3.7. Method of Literature Citation 

The reference number, author, or first and last author, 
and date of the publication are given in the table. The com
plete citation is given in the bibliography at the end. Many 
groups have developed significant measurement skills and 
were frequently involved in many of the important measure
ments. The reader can quickly assess which values were ob
tained by each of several different groups without referring 
to the complete bibliography. 

4. Reliability of Methods 

As a technique, the laser fluorescence method has prov
en tu ue the most reliable and accurate. However, flow tube 
and double resonance methods also give excellent, accurate 
results. The methods with the greatest uncertainty appear to 
be laser gain, spectrophone, flash photolysis, shock tube stu
dies and improperly done flow tube (flow reactor) measure
ments. Chemiluminescence depletion has typically only 
achieved relative rate coefficients. The combined methods, 
for example, laser fluorescence-discharge flow, are obvious
ly more difficult technically, and thus have greater uncer-
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tainties introduced by the measurement of reactive atom 
densities. Thus, while the time decay signals are as reliable ali 

any laser fluorescence experiment, the uncertainties duc to 
gas purities and density measurements are greater in the dis
charge flow. 

5. Current State of the Field 
It can be readily seen from the scope of table 1 that skills 

are now highly developed for measurements involving hy
drogen halide vibrational energy transfer. Rate coefficients 
can be obtained to within a few percent precision. The major 
difficulties and uncertainties are still associated with more 
mundane IlSpeots of pressure measurement Ilnd gas sample 
purity. Extremely straight-forward methods exist to directly 
excite and probe higher vibrational levels. HF and HCl have 
been the most extensively studied, with far fewer measure
ments on HBr and HI. HI will perhaps always remain very 
difficult to study because of its weak transition moment. HF 
and HCl have captivated researchers because of the very 
qualities whioh make them good 1llSer cllndidates: their slow 
vibrational deactivation, high oscillator strength, and ease of 
chemical formation with concomitant vibrational excita
tion. 

Overall, the field of vibrational energy transfer has ra
pidly blossomed and is very mature. However, a number of 
major questions still exist. Experimentalists still need to re
solve the extent of V V transfer versus V T transfer in 
the deactivation of high vibrational levels of the hydrogen 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 

halides. Further work needs to be done on direct two-quan
tum V - V transfers (2 + 0....,.. 0 + 2), where precise energy 
resonance is expected to be extremely important. The exact 
nature of the deactivation of HF to high rotational levels, 
which creates a seeming V++R equilibrium, will require 
further investigation. There is now tremendous impetus for 
theoretical description. Experiments in this field developed 
rapidly. Now there are many excellent theoretical studies 
being done. These will undoubtedly stimulate more detailed 
I::Xpl:rimC:llt:s, fur which c:lc:gI:LIll tuuls of iuvestiga.tion a.ce al
ready available. 
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Ta.ble 1. Rate coefficients for vibrational energy transfer involving the hydrogen nalides 

Process 

CII4 (V
4

) + Del (v-O) ... CII4 (O) ... DCl(v~O) 

CH4 (v
4

) + MCl(v=O) • CH4 (0) + HcHv=O) 

Cl2(v=1l + MCl(v-O) ... Cl 2 (v-O) ... HC1(V=O) 

CO(v=l·) + OBr(v=O) ... CO(v=O) ... DBr(v=l) 

CO(v-4) ... DBr(v=O) ... CO(v-l) ... DBr(v=l) 

CO(v-6) ... DBr(v=O} + COtv::::5) + DBrCv=l) 

CO(v=7) + DBr(v=O) ... CO(ve 6) ... D8r(v=1) 

CO(v-8) -+ DBr(v=O) .... CO(v-7} + DBr(v=l) 

CO(v=9) + DBr(v=O) • co(v=S) ... D8r(v-1) 

CO(v-la) + DBrlv=O) • CO(v=9) ... D8r{v-1) 

CO(v=l1) + D8r(v-0) ... CO(v=10) ... DBr(v-!) 

CO(v=12) + DBr(v-O) • CO(v=ll) + DBrCv-l) 

CO(v-1) ... DCl(V-O} • ca(v=O) ... Del(v-I) 

13CO (v_l) + DCl(V=O) • 13CO (v=O} + DCl(v=l) 

CO(v-2) ... DCl(V=O) • Co(v=l) ... DCl(v=l) 

Type 

V-T 

V-T 

V-T 

V T 

V-"1 

V-"1 

V-T 

V-T 

V-V 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v lit V-'I' 

v-v & V-T 

v-v & V-T 

v-v & v ... rr 

v-v & V-T 

V-V 

V-v 

V-V 

CO(v=4) ... DC1(v=O) ... CO(v=3) ... DCl(v=l) V-V & V-T 

CO(v=5) ... Del(v=O) ... CO(v-4) ... DCl(v=ll v-v &. V-T 

CO(v=6) ... DCl(v=O) ... 'co(v=5) ... DCl(v=l) v-v & V-T 

CO(v-7) ... DCHv=O) • co(v-6) ... DCl(v=l) v-v & V-T 

CO(v=8) ... DCl (v=O) ... co(v-l) + OCl(v=l) V-V & V-T 

CO(v=9) + DCl(v=O) ... co(v-S) + DCl(v-).) V-V, V-T 

CO(v=lO) + DCl (v=O) ... CO(v=9) ... DCl(v=l) V-V & V-T 

CO(v=U) ... DCt(v-O) ... CO(v-10) + Del(V=!) V-V & V-T 

CO(v=12) + DCl(v=O) ... CO(v=ll) + DC!(v-l) V-V, V-T 

CO(v-l) ... OI(v=O) ... CO(v;O) + DI(v-l) v-V 

co(v=!) ... HBr(v=O) • CO(v=O) + HBr(v-O) V-T 

co (vz:::4) + H8r(v=O) + cotv=3) + HBr(v=O) V-T 

CO(v=S) ... H8r(v=0) • Co(v=4) + HBr(v=O) V-T 

Rate Constant Error' 

(cm3 /mo1ecu1e. s) (%) 

5.1 x !O-12 243 

May be near resonant V-R transfer 

8.2 , 10-12 243 

May be near resonant v-a transfer 

3.4 , 10-12 

7.3 x 10 1~ 

3.6 • 10-12 

2.0 • 10-13 

2.7 • 10-12 

6.5 x 10-12 

4.2 , 10-13 

2.5 , 10-12 

1.25 x 10-13 

3.1 x 10-12 

±15 

±25 

tIS 

±25 

.25 

±lO 

243 

996 

1306 

1306 

595 

595 

303 

224 

198 

172 

145 

94 

67 

42 

16 

Temp 

(K) 

295 

29S 

300 

~2:0-

340 

295 

295 

295 

400-

1100 

400-

1100 

295 

298 

298 

298 

298 

2'>0 

298 

298 

298 

299 

Method 

DR 

DR 

DR 

PI' 

LF 

LF 

ST 

ST 

LF 

FR 

FR 

FR 

FR 

FR 

FR 

FR 

Reference Number, Author 
or First and Last A.uthor, 

Year of Publicat.ion 

III Houston •.. St.einfeld 1973 

III HOllston .•• Steinfeld 1973 

B7 Frankel .. . Poulsen 1974 

ei l"J.a.n'k.c:l .... Poulaen 1!:)74 

176 Zittel and Moore 1973 

"6 Zit.tal and Moore 1973 

176 Zittel and Moore 1973 

176 Zittel and Moore 1973 

49 Breshears and Bird 1969 

48 Breshears and Bird 1969 

177 Zit.tel and Moore 1973 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and smitb 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

The rate constants in Ref. 46 are internally consisten.t , but their absolute 
magni tudes may be in error 

1.45 , 10-12 ±IO 52 295 LF 171 Zittel and Moore 1973 

V-T contribution is leas than 0.5% 

:tIC 295 LF 171 Zittel and Moore 1973 

±l0 26 295 LF 73 Dasch and Moore 1980 

Direct excitation to CO(v-2) 

6.3 x 10-12 -27 298 FR 46 Braithwa.ite and Smit.h 1975 

7.5 x 10-12 -53 298 FR 46 Braithwaite and Smith 1975 

6.S x 10-12 -79 29B FR 46 Braithwaite and Smith 1975 

8.1 x 10- 12 -106 298 FR 46 Braithwaite and Smith 1975 

-132 298 FR 46 Braithwaite and Smith 1975 

6.6 x 10-12 -157 29B FR 46 Braithwaite and Smith 1915 

S.4 x 10-12 -lB4 29B FR 46 Braithwaite and Smith 1975 

3.9 x 10-12 298 FR 46 Braithwaite and Smith 1975 

-235 298 FR 46 Braithwaite and Smith 1975 

The rate const.anta in Ref. 46 are internally consistent., but their absolute 
ma~n.i~"n ... «t m;;,y .... ,. in 

:15 549 ,95 177 Zittel and Moore 1973 

V-T contribution is leas than 10% 

2143 296 LF 61 Chen 1971 

5.3 x 10-14 2064 298 FR 46 Brai tbwai te and Smith 1975 

6.B x 10-14 2038 298 FR 46 Braithwaite and Smith 1975 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

CO(v:=6) + HBr(v=O) ... co(v:zS) + HBr(v=O) 

CO{v=7) + HBdv=O) + COlv=6) + HBr{v=O) 

COlv-8) + HBrlv=O) • CO{v=7) + HBr{v~O) 

COlv=9) + HBrlv=O) + COlv=8) + RBrlv~O) 

(,O{'V'-'!:::10) -I- ?9r(vrO) .... r:!O(v-O) -I- HBr{ .... -O) 

CO(v-ll) + HBrlv=O) + CO(v=lO) + HBr(v-O) 

COlv=12) + HBrlv=O) + COlv=ll) + Har(v=O) 

COlvs 4) + HCl(v-O) • COlv=3) + HCl (v~O) 

COlv-5) + HCllv=O) + CO{v-4) + HCJ.(v-O) 

COlv=6) + HCllv-O) + CO{v=5) + HCilv-O) 

CO(v-7) + HC.t(V;::I:O) ... CO(v:z6) + HC.t.(v-O) 

CO(v-S) + MCllv-O) • CO(v=7) + HC1(v-O) 

CO{v=9) + HCI(v=O) + CO(v=8) + HCi(y=O) 

caly=lO) + HCt(y-O) + CO{v=9) + HCt(v=O) 

CO(vall) + HC.l(v=O) ... CO(v=10l + Hr.P'V=O) 

COlv-12) + HCt{v=O) + CO(v-1l) + RCilv-O) 

CO2 (OOl) + OBr(v=O) + C02 lOOO) + DBrlv=l) 

CO2 (OO1) + Dadv-O) + C02 lnmO) + OBrlv=O) 

C02(OOI) + Deilv-O) • C02 lnmO) + DeilY-D) 

C02(001) + DFlv=O) + Co2 (nmO) + DFlv=O) 

C02(001) + HBrlv=O) + C02 lnmO) + HBrlv-O) 

C02(001) + HCllv-O) • C02 lnmO) + HCilv=O) 

Type 

V-T 

V-T 

V-T 

V-T 

" T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V_T 

V-T 

V-T 

V-T 

v-v 

V-T 

v-v 

V-T 

V-T 

v-v & V-T 

V-T 

V-T 

V-T 

J. Phys. Chem. Ref. Data, Vol. 11, No. 3.1982 

Rate Constant Error f.E(cn-1) Temp 

(em3/moleeule_s) (I) (+=exo) (K) 

1.2 )( 10-13 2012 298 

1. 5 x 10-13 1985 298 

1959 298 

3.5 x 10-13 1934 298 

1~07 

1882 298 

8.2 x 10-13 1856 298 

Method 

FR 

FR 

FR 

FR 

FR 

FR 

Refo['ence Number I Author 
or First and Last Author. 

Year of Publication 

46 Braithwaite and Smith 1975 

46 Braithwaite and sm.ith 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

46 Braithwaite and Smith 1975 

46 Braithwl:!Iite and Smith 1975 

46 braithwlIIite and Smith 1975 
':'Ihe rAt"._ ~nnlll+:>In"A ,n 1:!~£ 41; a:r:'QII intornal1y f;;anQiot.cnt:. f hlJli:. 't.h",ir I:).bbolut¢'; 

magnitudes may be in arror 

2.0 x 10-14 2064 298 FR 46 Bt"a i thwlIIi te and 8m! th 197$ 

2.8 x 10-14 2038 298 FR 46 s<aithwaite and Smith 1975 

2012 298 FR 46 Braithwaite and Smith 1975 

3.8 x 10-14 1985 298 FR 46 Braithwaite and Smith 1975 

1959 298 Fit 

1934 298 FR 46 Braithwait.e and Smith 1975 

1907 298 FR 46 Braithwaite and Smith 1975 

1062 

1856 298 FR 46 Braithwaite and Smith 1975 

The rate constants in Ref. 46 are internally consistent, but their absolute 
ma9ni tudes may be in error 

<2.8 " 10-14 

3.1 " 10-12 

2.9 I( 10- 1 "": 

<1.4 • 10-13 

S.O x 10-13 

6.7 x 10-13 

8.3 x 10-13 

5.1 x 10-13 

8.0 x 10-13 

5.5 x 10-13 

3.7 x 10-14 

±35 

is 

i5 

±5 

:!:lO 

120 

HO 

.±IO 

.±20 

:!:10 

±20 

2143 

2143 

540 

2349 

258 

258 

2349 

2349 

2349 

2349 

2349 

2349 

2349 

2349 

737 

70 (010) 

2349 

2349 

2349 

295 

295 

295 

295 

295 

295-

510 

295 

295 

295 

295 

350 

348-

373 

470 

295-

670 

295 

295 

295 

295 

LF 37 Batt and Cohen 1973 

LF 92 Green and Hancock 1973 

LF 167 Stephenson •.• Moore 1972 

LF 161 Stephenson •.• Moore 1912 

LF 161 Stephenson .... Moore 1972 

LF 167 Stephenson .•• Moore 1972 

LF 167 Stephenson .• . Moore 1912 

LF 38 Bott and Cohen 1973 

LF 127 Lucht and Cool 1974 

LF 102 Hinchen and Hobb$ 1975 

LF 166 Stephens and Cool 1972 

LF 58 Chang and Walga 1972 

LF-ST 38 Batt and Cohen 1973 

LF 127 Lucht and Cool 1914 

LF 167 Stephenson ... . Moore 1972 

LF 167 Stephenson •. . Moore 1972 

LF 161 Stephenson .... Moore 1972 

SP 161 Slobodskaya and Rityn 1975 

Rate contains small V-T contribution of HCl{V;;;l} with CO2 

1.1 )f 10-13 

1.1 10-13 

4.9 x 10-13 

2.9 )( 10-12 

2349 

2349 

667 

295 

295-

900 

295 

LF 

LF 

SP 

60 Doyennette ••. Henry 1978 

80 Doyennette. ~ . Henry 1978 

161 S1obodskaya and Rityn 1975 
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Table 1. Rate coefficient$ for vibrational enet"9Y t["ansfer (continued) 

Process 

OEh:(vall + Br + DBr(v-O) + 3r 

Oar + CO, see CO + PSr 

DBr + C02' see also CO2 + Dar 

079ar (v_l) + OSler(v_O) + 

079ar (v_O) + OBlar(Val) 

DBr(v~ll + DBr(v=O) + Oar(v-O) + DBr(v-O) 

Dar(v-I) + DF(v-O) + Dar(v-O) + DF(v-O) 

OSr + OF, see .also OF + OBr 

DBr(V-l) + Har(v-O) + OBr(v-O) + l!Br(v-O) 

DBr + HBr, see alao HBr + DBr 

DSr + HeN, see HeN + oar 

DSr + H2 , see Ha + Dar 

DCllv_l) + Ar + Dell_a) + Ar 

DCl + Be.l]_ see BCl 3 + DCl 

DC!(v=1) + Br + DCl(v=O) + Br 

DCI + C04 , lee also C04 + DCI 

DCl(v-l) + Cl + DCllv-O) + Cl 

Type 

V-T 

v-v 

V-T 

V-T 

V-T 

v-v 

V-T 

V-T 

V-T 

v-v 

V-T 

V-T 

v-v & V-T 

v-v & V-T 

V-T 

Rate Constant Error 
(cm3/molecule-s) (%) 

1.63 x 10-12 ±5 

1. 5 x 10-12 

9.0 x 10-13 

8.2 x 10-13 

8.5 x 10-13 

1.5 x 10-12 

5.1 • 10-13 

<1.1 x 10-14 

B.34 , lO-12 

2.4 x 10-14 

7.3 , 10-10 

1.9 x 10-13 

!. 9 x 10-18 

9.6 x 10-17 

zlQ 

±20 

.20 

:!:lO 

.20 

±5 

±20 

±20 

±2 

.t20 

±30 

.20 

.15 

:t35 

±35 

:t2Q 

±30 

2349 

2349 

2349 

2349 

2349 

2349 

2349 

116 

2349 

1840 

1640 

0.6 

1840 

1840 

1840 

1840 

284 

2091 

2091 

2091 

2091 

2091 

Temp 

(K) 

294 

295 

295 

205-

358 

350 

348-

373 

295-

700 

29S 

295 

295 

295 

295 

295 

700-
2000 

295 

295 

295 

295 

295-

640 

296 

294 

Method 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

LF . 

LF 

Reference Number, Author 
or F'irst and La.st Author. 

Year of Publication 

94,95 Hancock and Green 1972 

37 Bott and Cohen 1973 

127 Lucht and Cool 1974 

129 Lucht and Cool 1974 

166 Stephens and Cool 1972-

58 Chang ... Welg" 1972 

127 Lucht and cool 1974 

64 Chen ••• Moore 1968 

167 Stephenson ..• Moore 1972 

LF"'PF 85 Fernando and Smith 1979 

LF 167 Stephenson ••• Moore 1972 

LF 109 Horwitz and Leone 1918 

LF 65 Chen and Chen 1972 

ST 49 Breshears and Bird 1970 

LF 26 Bott 1974 

LF 65 Chen and Chen 1972 

LF 85 Fernando anc. Smith 1979 

LF 177 Zittel and Moore 1913 

LF 165 Steele and Moore 1974 

LF 165 Steele and Moore 1974 

LF-DF 54 Brown ... Van der Merwe 1976 

LF-DF 130 Macdcnald and Moore 1976 

The author-s state that reeults in Ref. S4 may be in error 

flO -17(V2) 

8.6 x 10-13 tl0 

-5.3 x 10-12 

Preliminary estimate 

.25 

5.S x 10-12 :!:30 

-168 (v 3) 

7 ("'Z"'v4' 

2091 

2091 

2091 

295 LF 176 Zittel and Moore 1973 

295 LF 176 Zittel and Moore 1973 

295 LF-DF 52 Brown ••• Smitb 1915 

295 LF-DF 53 Brown .... Smith 1975 

294 LF-DF 130 Macc.ona1c. and Moore 1976 

J. Phye. ctlem. Ref. Data. Vol. 11. No.3. 1982 
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Table L Rate coefficients for vibrational energy transfer (continued) 

Process 

Del (vs !) + Cl -+ DC.t{v==O} + C.t 

(cont'd.) 

DCJ.!V=l) + COlV-I> ... DC.J.(v=2) + CO(v=O) 

DCl(v~l) + CO(v=O) + DCl(V=O) + CO(v=O) 

Del + CO, see also CO + DeL 

DC.t + CO2 , see also CO2 + DCl 

DCl(v=l) + D'" DCi(v-O) + 0 

DC1(v=1) + DBr(v=O) + DC1(v=oO) + DBr(v=l) 

DC1(v=1) + DCl(v=l) + DC1(v=2) + DCHv=O) 

D3SC1{V~1) + 037CR.{v=O) ... 

n 3S r9. (v.n) -f. 037Ct (v=1) 

DC1(v=l) + DCl(v=O) • DCl(V~O) + DC1(v=O) 

DCl( v=l) + DI (v=O) • ocl( v=O) + DI (v=l) 

DC1(v=1) + H ... DCl(v=O} + H 

DC1(v=l) + HC.t(v=O) -+ OCi(v=O) + HC1(v=O) 

Del + Hel, see also Hei + Dei. 

Dct + HeN, see HeN + OCl 

OC1(V~1) + He • PC1(v=0) + He 

DC! ... H2 , see also U2 + DC1 

OCR. {v=!) + Ne ... Xl (v""O) + Ne 

Del. + N2 • see N2 .+ DCi 

Del(v=l) + NO(v=O) • DCA(v=O) + NO(v=l) 

DC.t(v=1) + 0 of" DC.t(vz::o1 + 0 

Type 

v-v 

V-T 

V-T 

V-T & Rx 

v-v 

v-v 

v-v 

V-T 

V-T 

v-v 

V-T & Rx & 

Exchange 

V-T 

V-T 

V-'l' 

V-T 

V-T 

V-T 

v-v 

V-T & Rx: 

J. Phys. Chem. Ref. Data, VOl. 11, No.3, 1982 

Rate Constant Error 

(cmJ/molecule-s) (%) 

.... 4.0 x 10-12 

-9 x 10-12 

Preli:ninary estimate 

3.1 x 10-12 

6.3 x 10-12 
:!:25 

6.E(cm-1) Temp 

(+"exo) (K) 

2091 

2091 

106 

263-

397 

195-

325 

295 

Method 
Reference Number, Author 
or First and Last Author, 

Year of Publication 

LF-DF 52 Brown ••• smith 1975 

!oF-OF 53 Brown., ,smith 1975 

73 Dasch and Moore 1960 

Direct e>::citation to DC.! (r-2), V-T contribution is less than 10% 

1.5 x 10-13 

5'.4 x 10-13 

<3.9 x 10-14 

2.0 :x 10-12 

4.8 )( 10-13 

2091 

2091 

±35 2091 

HO 251 

V-T contribut.ion is less than 6% 

4.3 :x 10-12 ±lD 54 

1350-

1850 

295 

295 

295 

295 

ST 22 Borrell. •• Guthridge 1974 

LF 167 Stephenson ••• Moore 1972 

LF-DF 41 Bott and Heidner 1976 

LF 177 Zittel and Moore 1973 

LF 73 Dasch and Moore 1980 

Direct excitation to OCl(v=2}, V-T contribution is less than 1% 

1.18 x 10-11 

.3.2 x 10-14 

9.5 x 10-13 

.t10 

+10 
-35 

flO 

±30 

tID 

No V-V component observed 

5.5 x 10-14 ± 10 

2091 

2091 

2091 

2091 

496 

V-T contribution is less "t.han 12% 

L8 :x 10-12 ±30 

1.8 :< 10-14 ±10 

8.3 x 10-15 ±10 

No V-V component observed 

5.9 x 10-17 

5.9 x 10-17 

2.6 x 10-15 

<1.9 x 10-17 

.H 
-20 

:tlO 

,,10 

tlC 

±10 

:tIS 

:tIS 

±40 

2091 

2091 

2091 

:lU~H 

2091 

2091 

2091 

2091 

2091 

2091 

2091 

215 

2091 

295 

295 

295 

700-

2100 

295 

295 

295 

295 

295 

295 

295 

295-

680 

295 

295 

295 

295 

295 

295 

LF 109 Horwitz and Leone 1978 

LF £2 Chen and Moore 1971 

LF 

ST 47 Breshears and Bird 1969 

LF 177 Zittel and Moore 1973 

!oF 177 Zittel and Moore 1973 

LF-DF 41 Bott and Heidner 1976 

!oF 62 Chen dod Moore 1971 

177 Zittel and Moore 1973 

Ib5 Steele and Moore 19"14 

LF 171 Zittel and Moore 1973 

LF 165 Steele and Moore 1914 

LF 165 Steele and Moore 1974 

177 Zittel and Moore 1973 

LF 177 Zittel and Moore 1913 

LF 177 zj ttel and Moore 1973 

LF 165 Steele and Moore 1914 

LF" 177 Zittel and Moore 1913 

Lf'-Or 55 Brown ... smith 1975 
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Process 

DC~(v=l) + 0 ~ DC~{v=O} + 0 

(cont 'd.) 

DF(v~l) + CBrF3 + DF(v-O) + CBrF3t 

OF{V""l) + CF4 + DF(V=O) + CF4 t 

Table 1. Rate coefficients for vibt"'atior.al energy transfer (continued) 

Type 

v-v 

v-v & V-T 

v-v 

v-v 

v-v 

V-T 

v-v 

V-T 

v-v 

V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

Rate Constant Error 6E(cm-1) Terrp 

(cm3 /molecule-s) (%) (+::::exo) (K) 

8.1 • 10-13 

1.6 x 10-12 

1. 9 x 10-14 

.:!"40 

:tIC 

2091 

535 

V-T contribution is less than 1% 

9.3 x 10-13 

6.2 x 10;-13 

9.6 x 10-13 

1.0 x 10-12 

9. I) x 10-13 

8.7 x 10-13 

9.7 x 10-13 

1.4 x 10-12 

:tlO 

±2Q 

±lO 

±40 

tIC 

±3S 

83 

83 

83 

83 

83 

83 

175 

Measured from deactiVation of v=2 

175 

196-

400 

295 

295 

295 

295 

298 

295 

200-

295 

490-

732 

298 

295 

Method 
Reference Number. Author 
or First and Last A.uthor, 

Year of Publication 

LF-DF 55 Brown •• . Smith 1975 

LF 177 Zittel and Moore 1973 

LF 117 Zittel and Moore 1973 

LF 100 Hin.chen.1973 

LF 26 Bo~t 1974 

FT 122 Kwok and Wilkins 1975 

LF 32 Bott 1979 

LF 33 Bott 1981 

LF-ST 26 Bott 1974 

FT 122 Kwok and Wilkins 1975 

LF 32 Bott 1979 

Sequential abso['ption to DF(v=2) followed by deactivation 

B.9 x 10-13 

Probably incorrect 

~3.1 x 10-15 

~3.8 x 10-1S 

!6.4 , 10-15 

1.2 , 10-13 

«9.9 x 10-15 

2.8 )( 10-13 

us 2992 

±40 2992 

2992 

no 435 

2992 

±lD 108 

295 

295 

363-

43G 

29& 

296 

296 

LF 100 Hinchen 1973 

LF 27 Batt 1974 

LF-ST 27 Bott 1974 

LF 61 Chen 1371 

LF 61 Chen 1971 

LF 63 Chen and Moore 1971 

Erroneously reported as 10-12 in original publication 

2.B )C 10-13 

3.7 x 10-13 

3.3 x 10-13 

3.9 x 10-13 

2.3 , 10-13 

3.2 x 10-13 

3.3 x 10- 1 3. 

3.7 x 10-13 

6.6 x 10-13 

<1.2 , ;0-15 

<2.0 x 10-16 

<2..9 )I. 10 1(; 

<9.9 x 10-16 

7.7 x 10-16 

1.9 x 10- 14 

1.5 x 10-14 

4.8 x 10-13 

2.2 x 10-13 

1. 7 x 10-14 

3.4 x 10-14 

HO 

:tIC 

:tIC 

:tID 

tIC 

t10 

tI5 

±IO 

108 

108 

108 

108 

108 

108 

.,Q07 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

296 

295 

295 

196-

342 

469-

295-

1000 

296 

198 

~J.()-

1150 

1700-

4000 

1500-

5000 

295 

295 

295 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

ST 

ST 

ST 

LF 

LF 

LF 

108 Hopkins, . . Sharma 1973 

4 Allt!,e .. . Doyennette 1974 

40 Bott and Cohen 1915 

108 Hopkins .. . Sharma 1973 

40 Bott and Cohen 1915 

4 Allh ••• Doyennette 1974 

10n 'Hinbh~n lQ.7'l 

97 Hancock and Saunders 19?6 

97 Hancock and Saunders 19)6 

29 Bott 1975 

36 Bott and Cohen 1973 

171 Vasil'ev ... Ta.l'roze 1973 

24 Bott 1977 

24 Bott 1971 

173 Wendelken ... Noetzel 191$ 

J. Phya. Chem. Ref. Data, Vol. 11, No.3, 1982 



962 STEPHEN R. LEONE 

Table 1 ~ Rate coefficients for vibrational energy transfer (continued) 

Process 

DF{v=l) + CF4 + DF(v=O) + CF4t 

(cont 'd.} 

nF'(v;::l) + i''I:':JH ... rlP(u=n) .. CC
3

Ht 

OF(,,=I) .. CH3F + DF(,,-O) + CH3Ft 

OF(v=l) + CH4 • DF(v;O} .. CH 4 t 

OF(v-I} + C2H2F2 + of(v=O} + C2H2 F 2 t 

OF(v=l) .. C2H
4 

+ DF(V-O} + C2H4 t 

OF(v=I} .. C2 H6 • OF(v=O) .. C2 H6 t 

of(v=l) + C4HlO + DF(,,=O) .. C4HI0 f 

DF(,,-!) + C~ + DF(,,=!) .. Cl 

DF(v-l) .. CO(v=O) + 01'(,,=0) .. CO(v=l) 

OF(v=3) .. CO(v=O) • OF(v=2} + CO(v-l) 

01'("-4) + Co(v=O} • OF(,,=3) .. CO(v=l) 

DF(v=5) .. CO(v=O) • OF(v=4) .. CO(v=l) 

OF(,,=I) .. CO2 (OOO) • OF(v=O) + Co2 (OOI) 

Type 

V-V" V-T 

V-V" V-T 

V-V" V-T 

V-V" V-T 

V-V" V-T 

V-V" V-T 

V-V" V-T 

V-T 

V-V" V-T 

v-v & V-T 

V-V" V-T 

V-V" V-T 

V-V" V-T 

v-v 

J. Phys. Chem. Ref. Data, Vol. 11. No. 3.1982 

Rate Constant Error 
(cm3 /molo!!lcule-s) <%) 

3.1 x [0-14 

4.6 x 10-14 

3.3 JI 10-14 

3.1 x 10-14 

-1. 2 x 10-14 

1.1 x la-II 

6.8 x 10-12 

6.8 )( 10-1 2: 

4.6 x 10-12 

1.2 x 10-12 

5.7 x 10-13 

1. 9 x LO-ll 

6.9 x 10-12 

L.O )( 10- 1 % 

<1. 2 x 10-14 

B.6 • 10-14 

1~2 x lO-13 

5.0 x 10-13 

2.8 x 10-12 

±lO 

tlO 

±IS 

t20 

tlS 

±IS 

±IS 

±IS 

tiS 

:t50 

!lO 

tlO 

6E(cm-1} Temp 
(+-exo) (K) 

2907 

2907 

2907 

2'.)07 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

2907 

764 

764 

5B2 

494 

408 

295 

295-

800 

295-

800 

2~S 

295 

295 

295-

740 

295 

295 

295 

295 

295 

295 

1500-

3350 

295 

295 

473-

725 

295 

295 

295 

Method 

LF 

Reference Number, Author 
or first and Last Author, 

Year of Publication 

24 Batt 1977 

172 Wendelken and Stout, 

private communieation in 24 

LF-ST 24 Bott 1977 

24 Dvt.C,.. 1977 

LF 24 Batt 1977 

LF 24 Bott 1977 

LF-ST 24· Bott 1977 

LF 24 Bott 1977 

LF 24 Bott 1971 

LF 24 Bott 1977 

LF 24 Bott 1977 

LF 24 Bott 1977 

LF-DF 151 QUll/ley and Wo1ga 1975 

ST 18 Blauer and Solooon 1973 

LF 151 Quigley and Wolgo 1975 

LF 26 Bott 1974 

LF-ST 26 Bott 1974 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

The rat.e constants in Ref .. 147 are internally eonsistent, but. their absolut.e 
:n.a90i tudes may be in error 

1.5 • 10-12 :!:35 557 

OF vibrational level not determined 

4.0 x 10-12 557 

4.7 • 10-12 557 

May include small V-T contribution 

±40 

v-v contribution only 

<6.0. 10-12 

-~4.3 x 10-12 

V-V contribution only 

6.3. 10-12 ±l5 

557 

557 

557 

557 

557 

557 

May include small V-T contribution 

7.0. 10-12 

5.8 x 10- 12 
:!:40 

V-V contribution only 

4.7 x 10-12 

3.1 x 10-12 

557 

557 

557 

295 

295 

295 

295 

295 

295 

208-

359 

350 

400 

295-

670 

295-

720 

There is a minimum in the probability at 400 K 

LG 13 Basov~ • • Oraeva1cy 1971 

FR 3 Ai['ey and Smith 1972 

LF lB Bott and Cohen 1973 

LF 127 Lucht and Cool 1974 

LF 102 Hinchen and Hobbs 1975 

LF 129 Lucht and Cool 1975 

LF 32 Bott 1979 

LF 129 Lucht and Cool !'illS 

LF 166 Stephen. and Cool 1972 

FT 170 Vasil·ev~ •• Tallroze 1972 

LF 127 Lucht and Cool 1974 

LF 38 Batt and Cohen 1973 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

OP(v-4) + C02COOO) + OF(v-3) + C02 (O()1) 

OF(v=n) '+ CO
2

(OOO) • DF(v=n-l) + CO2 (OOl) 

DF(V=5) + C02 COOO) + DF(v-4) + C02 (001) 

OF +- CO2 , see also CO2 + OF 

DF(V-l) + 0 • DF(V=O) + 0 

DF(v=l) + DBr(v=O) • DF(v=O) + DBr(v-1) 

DF(v=4) + 02(v=0) • DF(,,=3) + 02(V=l) 

OF + '02' see also 02 + OF 

DF(v-3) +- °20 .. DF(v=2) + D20 t 

DF(v=4) + °20 .. DF(v=3) + D20t 

DF(v=l) + DF(v=l) • OP(v=2) + DF(v=O) 

DFCV=3) + OFCv=O) • DF(v=2) + OF(v=l) 

DF(v=5) + DF(v=O) • DF(v=4) + DF(V=O) 

Type 

v-v &. V-T 

V-V, V-T 

v-v & V-T 

v-v I; V-T 

v-v & V-T 

V-T 

v-v I; V-T 

v-v &: V-T 

v-v I; V-T 

v-v & V-T 

V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v 

v-v .& V-T 

V-V. V-T 

v-v & V-T 

Rate Constant Error AE(crn-l) Temp 

(cm3/molecule.s) (%) C+=exo) CK) 

6. e x 10-12 

1. 5 x 10-11 

1.7 x 10-11 

4.6 x 10-11 

465 

465 

465 

376 

376 

376 

Sequential absorption to DF( v=3} 

288 

n""l 2. ....L 4 
1.0 I:7 2.9 3.8 

Relati ve deacti 'lJation rates only 

3.9 x 10-11 202 

295 

295 

295 

295 

295 

295 

295 

295 

295 

Method 

FR 

LF 

LF 

FR 

FR 

LF 

FR 

CD 

FR 

Reference Number, Aut'hor 
or Firat and Last Author, 

Year of Publication 

3 Airey and Smith 1972 

102 Hinchen and Hobbs 1975 

32 Bott 1979 

3 Airey and Smith 1972 

147 Poole and Smith 1977 

32 Bott 1979 

147 Poole and Smith 1977 

51 Brown ... Polanyi 1978 

147 Poole and smith 1977 

The rate constants in Ref. 147 are internally consistent, but. their absolute 
rr.agni tudes may be in error 

<1.3 , 10-13 

1.7' 10-13 

1..3 )( 10-13 

1.4 x 10-13 

6.7 x 10-13 

:t20 

+'0 

>40 

2907 

1067 

1067 

Hl67 

-264 

-264 

Sequential absorption to OF(v:-3) 

4.0 , 10-13 

4.B x 10-13 
-264 

Sequential absorption t.o DF(v=3) 

7.5 , 10-13 :t40 -353 

-353 

Sequential absorption to DF( vz4) 

1.2 )( 10- 13 

Probably incorrect 

Sl.B , 10-15 

~6. 4 x 10-15 

1.5 )( 10-11 

2907 

:':25 2907 

2726 

2638 

:155:1 

295 

295 

295 

466 ... 

735 

298 

:195 

200-

295 

298 

295 

295 

363-

436 

295 

295 

295 

Lf'-DF 99 Reidner and Bott 1975 

LF 26 Bott 1974 

173 Wendel1<en ••• Moetze! 1975 

122 1\wok and Wilkins 1975 

LF 32 Batt 1979 

LF 33 Bott 19B1 

122 Kwok .nd Wilkins 1975 

32 Batt 1979 

100 Hinchen 1973 

27 Batt 1973 

Lf'-ST 27 Batt 1973 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

The rate constants in REtf. 147 are internally consistent, but their absolute 
magni tudes may be in error 

2.2 :c 10"' 1! 

1..4 ,. 10-" 

5.4 x 10-12 

6.9 • 10-12 

8.2 x 10-12 

tlO 

ti5 

92 

92 

92 

-181 

-269 

-355 

295 LF 23 Bott 1973 

295 LF 38 Bott 1973 

295 LF 83 Ernst .. ~ . Sackett 1973 

444- LF-ST 23 Bott 1973 

295 FR 146 Poole and Smith 1977 

295 FR 146 Poole and Smith 1977 

295 FR 146 Poole and Smith 1977 

The rate constants in Ref. 146 are internally consistent, but their absolute 
magni tudes may be in error 

J. Phys. Chem. Ref. Data, Vol. 11, No.3, 1982 
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Table L Rate coefficients for vibrational energy transfer {continued} 

Process Type 

Df(v~1) ~ DF(v=Q) • Df(v=O) + OF(",=O) V-T 

V-T 

PF(v=l~ + F -to DF(veQ) + F 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 

P .. ~o (!Ot)$l!::-:Ul!::- AE\Cm-J. ) TQU'lp Reference Number, Aut.hor 
Method or First and Last Author f 

\cm3 Imolecule''') (%) ( +:::'8XO) (K) Year of Publica.t.ion 

8.0 )( 10-13 t15 2907 300 LF 1 Ah1 and Cool 1973 

6~4 x 10-13 ~15 2907 295 LF 38 Bott and Cohen 1913-

6.5 )( 10-13 .tID 2907 295 LF 37 Bott and Cohen 1913 

4.9 x 10-13 t20 2907 295 LF 83 Ernst ••• SacKett 1973 

7.'" x 1 0-13 ')Q(l7 10n ),:/;"'''';'''''t'1 lQ7~ 

'1 ~ 3 x 10-13 :!;to 2907 295 !...~ 101 Hin-chen 1<313 

8.3 x 10 ... 13 ±20 2907 295 LF 127 Lucht and Cool 1974 

7.7 x 10-13 ±40 2907 297 LF 1.28 I:.ucht and Cool 1974 

6.7 • :0-13 :tIS 2907 300 LF 28 Bott 1974 

Corrected A.hl and Cool for gas dynamic pressure error 

6 .. 9 x 10-13 ±lS 2907 295 LF 28 Bott 1974 

Cot:1;ected l"ue'ht and Cool for gaa dynamic pres$ure e~ror 

5.46 x 10-13 ±4 2907 295 LF 93 Hancock and Green 1915 

Pointed out. that rate:s without helium diluent are slower 

S .. 19 x 10-l-' ±3 2907 296 97 Hancock and Saunders 1976 

With helium diluent 

4.7 , 10-13 2907 296 LF 97 Hancock and saunders 1976 

Without. helium diluent 

General model proposed by rr,any authors that V-f( transfer populates high J statea 
creat.ing a bottleneck for relaxation ..... hen a diluent gas is not present 

2907 200 

±35 2907 198 

There were no (OF)n polymers at. the pressures used 

1.0 , 10-12 

4.1 , 10-13 

b.b >I .1U 1.1 

t30 

,t2U 

2907 

29(J7 

204-

3,9 

3~() 

uncorrected for gas dynamic pressure erect 

7.3 x 10-13 .10 2907 350 

Uncorrected fer gaS dynClr:lic pr~ssure -error 

8.3 x 10-13 

4.4 x 10-13 
.20 2907 295-

670 

Uncorrected for gas dynamic pressur~ error 

7.7 x 10-13 

3.5 , 10-13 
:!::40 2'907 295-

678 

Uncorrected for gas dynamic pressure error 

6.4 10-13 ±lS 2907 295-

3 .. 4 )I. 10-13 900 

7. , x 10-13 ±lO 2907 295-

3.5 10-13 gOe 

7.1 x 10-13 :.t50 2907 1600-

5.0 x lO-l.Z 3600 

3. ! x 10-13 .20 2907 800-

7.7 " 10-12 4000 

G_O y 11:'1-13 ::190-' 1S()O_ 

1.0 " 10-11 5000 

LE' 

LF 

Ll' 

LF 

LF 

LF-S1' 

LF-ST 

S1' 

5T 

93 Hancocic 8rtd Green 1915 

97 Hancock and Saunders 1976 

129 Lucht and Cool 1975 

.1 AhJ. and. CoOL .l9/J 

166 Stephens and Cool 1973 

127 Lucht and Coel 1974 

128 Lucht and Cool 1974 

38 Bott. and Cohen 1913 

101 Hinchen 1913 

19 Blauer .... OWens 1972 

36 aott and Cohen 1973 

,", "~Q-; 1. '""u 'I:':;o1 1 ..-n,%"" 1 0'1;\ 

There. is a mi.nimum in t.ne r.ate of this pt'oces$ at ... 1500 K and a minimum in the 
probability at -700 K 

2907 198-

295 

LP 97 Hancock and saunders 1916 

There is a strong ['ate enhancement over OF monomer 

1. 2 x 10-11 

2..2 ):; 10-12 

:t20 

±5D 

2907 

2907 

295 

1560-

2BOO 

LF-DF 1Sl Quigley and Wol.ga 1975 

S1' 18 Blauer and Solomon 1973 
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Table 1. Rate coefficients for vibrational energy transfet' (continued) 

Process 

DF(v:o=l) + F ... DF(v"O) + F 

(cont' d .. ) 

DF(""l) + H • OF(v-O) .. H 

DF(v-l) + HBr(v-O) • DF(v~O). + llBr(v=l) 

DP(v=ll + HBr(v=O) • DF(v-O) ... HBr(v=O) 

DF(v=l) + HC1(_0) • DF(v=O) + HCl(v=I) 

DF(v-lj ... HC1(v=0) • OF(v~O) + H~l (v=O) 

OF (v=l ) + HCN • DF(v=O) ... HeNt 

DF(v=5) + HCN. DF(v-4) + BCNt 

CF + HeN I see also HeN + DF 

DF(vul) + He .. OF(v=O) + He 

DF(v=l) + HF(V::o.O) .. DF{v=O) + HF(v-D) 

Type 

v-v & V-T 

V-T & 

Exchange 

v-v & V-T 

V-T 

v-v 

V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-T 

V-T 

Rate Constant Error 
(em3 /molecule- s ) (%;) 

:!:25 

6E(c",-I) 
(+=exo) 

2907 

Temp 
(K) 

1900-

3000 

Method 

ST 

Reference lil'umbe:r, Author 
or First and Last Author I 

Year of Publication 

3& Bott and Cohan 1973 

The rate constant is essentially constant over the whole range of temperature 

2907 295 

1.1 , 10-13 ±30 2907 295 

tIO 348 295 

probably mainly v-v contribution 

1.2 , 10-12 

1. 0 .. 10-12 
tiO 

±IO 

348 

2907 

21 

471-
7>0 

295 

295 

V-T contribution is lees t'han 5% 

5.2, 10-12 

5.0 , 10-12 

<5.6 )( 10-13 

<3.5 , 10-13 

<3 , 10-13 

3.3 )( 10-12 

5.1 x 10-12 

2.2, 10-12 

110 

:;tIS 

21 

2907 

2907 

2907 

-40:'{"3) 

475-

745 

295 

475-

745 

298 

2907 240-

-405('3) 450 

2726 29S 

-586('3) 

-74(vl+v 2) 

2638 295 

2552 295 

LF 151 Quigley .nd wolga 1975 

LF-DF 99 Eeidner and Bott 1975 

LF 26 Bott 1974 

LF-ST 26 Bott 1974 

LF 26 80tt 1974 

LF 26 Bott 1974 

26 Bott 1974 

LF 26 Batt 1974 

LF-ST 26 Batt 1974 

LF 135 McGarvey •• : Cool 1977 

LF 135 McGarvey ••• Coo1 1917 

147 Poole and Smith 1977 

FR 147 Pool. and Smith 1977 

FR 147 Poole and Snith 1977 

The rat.e constants in Ref. 147 are internally consistent., but their absolute 
magnitudes may be in error 

<9.3 x 10-16 

~1. 2 x 10-15 

S4 x 10-16 

6.4 , 10-16 

1.0 , 10-13 

1. 5 x 10-14 

3.1 " 10-13 

2.2 x 10-12 

1.4 )( 10-12 

9.9 , 10-13 

1. 7 x 10-12 

7.3 x 10-13 

9.9 x 10-13 

5.5 )( 10-13 

2907 

2907 

2907 

2907 

2907 

2907 

=15 2907 

tIS 2907 

:tlO 2907 

:tl0 2907 

±45 2907 

2907 

~20 2907 

tl5 2907 

.tlO 2907 

295 

295 

200 

900-

2600 

1500-

3500 

295 

300 

295 

295 

295 

295 

295 

210-

364 

350 

295-

573 

LF 100 Einchen 1973 

LF 93 Hancock and Green 1975 

LF 93 Hancoc::'k and Green 1975 

ST 29 Bott 1975 

ST 169 Vasil' ev ••. papin 1975 

FT 3 Airey and Smith 1972. 

LF 1 A.hl and Cool 1973 

LF 37 Bott and Cohen 1913 

LF 100 Hinchen 1973 

LF Ie-I Hinchen 1973 

FT 122 Kwok ana Wilkins 1975 

LF 32 Bott 1979 

LF 129 Lucht and Cool 1975 

LF 1 Ahl and Cool 1973 

LF-ST 101 Hinchen 1973 

J. Phys, Cham. Ref. Data, Vol. 11, No. 3, 1982 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process Type 

DF(v=2) + HF(v=O) + DF(v=1) + HF(v=O) V-T 

DF(v=3) + HF(v=O) + DF(v=2) + HF(V=O) V-T 

DF(v=4) + HF(v=O) + DF(v=3) + HF(v=O) V-T 

V-T 

V-~ 

V-T 

V-T 

V-T 

v-v & V-T 

V-V, V-T 

v-v & V-T 

J. PhyS. Chem. Ref. Data, Vol. 11, No.3, 1982 

Rate Constant Error bEe em-I) 
(cm3 /rnolecule_s) (%) (+=exo) 

3.0 x 10-12 2815 

Temp 

(K) 

295 

Method 

FR 

Reference Number, Author 
or First and Last Author, 

Year of Publ iea tion 

3 Airey and Smith 1972 

The rate constants in Ref. 3 are internally consistent l but their absolute 
magnitudes may be in error 

4.6 x 10-12 t35 2815 

2815 

sequential absorption to OF(v=2) 

±40 2126 

2726 

Sequentia] absot"'ptior.. to DF (v=3) 

2726 

Sequential absorption to DF(v=3} 

1.4 x 10-13 

probably incorrect 

1. 1 )( 10-13 

8.6 x 10-14 

1.7 x 10-13 

3.2 x 10-12 

6.0 x 10-14 

;1:40 2638 

2907 

:!:10 2907 

2'307 

2907 

2907 

2907 

2815 

sequential absorption to OP( v=2) 

1.4 x 10-13 2726 

Sequential absorption to DF(v=3) 

2726 

Sequential absorption to DP'( v=3) 

2.8 x 10-13 2638 

sequent.ial absorption to OF (v=4) 

1. 5 , 10-14 

1.6 x 10-14 

6.2 x 10-14 

probably incorrect 

2.8 x 10-14 

2.6 )( 10-14 

6.4 x 10-14 

1. 7 x 10-14 

4.7 x 10-14 

1.1 x 10-14 

4.0 • 20- 14 

2907 

:!:.l5 2907 

±25 577 

:!:lO 577 

577 

577 

577 

577 

±300 577 

577 

485 

Sequential absorption to DF(v;;!'2) 

3.9 , 10-14 395 

395 

sequential absorption to Di'{ v-3) 

1. 7 x 10-13 395 

Sequential absorption to DF( v=3) 

29B 122 Kwok. and Wilkins 1975 

295 LF 32 Bott 1979 

29B FT 1.22 Kwok and Wilkins 1975 

295 LF 32 Bott 1979 

200 LF 33 Bott 1981 

298 FT 122 Kwok and Wilkins 1975 

295 LF 100 Hinchen 1973 

295 LF 27 BOU 1974 

LF 32 SoH 1979 

200 LF 33 Bott 1981 

445- LF-ST 27 Bott 1974 

800- 5T 36 Batt and Cohen 1973 

4000 

295 LF 32 Bott 1979 

295 LF 32 Bott 1979 

200 LF 33 Batt 1991 

295 LF 32 Bott 1979 

295 LF 173 Wendelken ... Noetzel 1975 

295 LF 24 Sott 1977 

295 LF 

295 LF 26 BoU 1974 

295 ~F 173 Wendelken ... Noetzel 1975 

295 LF 32 Bott 1979 

200 LF 33 Bott 1981 

472- LF-ST 26 Bot.t 1974 

:114 

1400-

3000 

1200-

4000 

295 

295 

295 

200 

ST 19 Blauer ... Owens 1972 

S1' 36 Bot t and Cohen 1973-

LF 32 Bott 1979 

FR 147 poole and $rr.ith 1977 

LF 32 90tt 1979 

L.P 33 Bott 1981 
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'1'able 1. Rate coefficients for vibl:'atior.al energy transfer (continued) 

Process 

DF(v=l} .. w(v=O) + DF(V=O) + NO(v=!) 

DF(v"';l) -+ 0 + DF(V~O) + 0 

DF(v=l} + S02 + DF(v-O) + S02 t 

D1(v::::l1) + DI(V=O] + DI(V=O) 1- Dl(v=O) 

Dl + CO, see CO + DI 

01 + N2 , see N2 + Dr 

HBr{v=l} + Ar.,. HBr(v=O) + At 

HBr(vcl) + Br ... HBr{v=O, + Br 

HBr(v~l) + Br2 ... HBr{v::aOl + Br2t 

HBr(v=l) + CD4 ..,. HBr(v=O) + CD4 ": 

HBr{v-l) + CH
4 

... HBr(v=O) + CH
4 

t 

HBr(v=l) + Co(v=O) ..,. HBr(v<=O) + Co(v=l) 

ilBr(v=l) + Co(v=O~ ... HBr(v-O} + co(v=O) 

Type 

v-v & V-T 

v-v &: V-T 

v-v & V-T 

v-'j' 

v-v & V-T 

V-T 

V-T 

Rate Constant Error AE(cm-1) Temp 

(cm3 /molecule_s) (%) {+<=exo) (1<) 

30B 295 

2.9 x 10-13 30B 295 

1.0 )( 10-13 221 295 

Method 

FR 

LF 

FR 

ito£oronc=c Nutt\b-or, Author 
or First. and Last Author, 

Year of Publication 

147 Poole and Smit.h 19'7 

32 Sott 1979 

147 Poole and Smith 1977 

The r-ate constants in Ref .. 147 are internally consistent, but their absolute 
magnitudes may. be in error 

2.5 x 10-13 

1. 8 x 10-13 

2.1 x 10-13 

1.. 2 10-13 

4.0 )C 10-13 

7.8 x 10-12 

2.3 x 10-15 

<1.6 x 10-14 

3.5 x IO-I!] 

B.5 x 10-1,5 

1,.2 x 10-14 

L 9 x 10-13 

2.5 x 10-13 

5.6 , 10-13 

±10 

:tID 

±30 

±IS 

±IO 

1031 

1031 

2907 

295 

476-

725 

20BO 

295 

1351 (v=l) 295 

-205(v=2) 

1351(v=1) 295 

-205(v=2) 

LF 26 Bott 1974 

LF-ST 26 Bott 1974 

2.0 rnaU~L ••• owens J.~HZ 

LF 151 Quigley and Wo1ga 1975 

LF 26 Batt 1974 

LF 151 Quigley and Wolga 1975 

1351 (v=l) 550- LF-sr 26 So"-t 1974 

-250 (v=2) 870 

1351(v=1) 1200- ST 169 Vasil'ev ... pap;'n 1975 

2907 

1600 

2559 

3500 

295 

700-

2000 

LF 24 Batt 1977 

ST 49 Breshears and Bird 1970 

V-T & V-E "-'1.9 x 10-12 2559 295 FP 14 Donovan ••• Stevenson 1970 

±45 2~59 

±25 2559 295 LF-DF 113 Karny and Katz 1976 

V-T contribution only 

±40 2559 294 LF-DF 130 Macdonald cmd Moore 1.976 

V-T contribution only 

±IO 2559 295 LF-DF 85 r'ernando and smith 1979 

V-T contribution only 

-1126 295 LY-DF 126 Leone and Wodarczyk 1974 

Contribution due to V-E transfer only 

v-v & V-To 1.5 x 10-12 

Probably incorrect 

2.2 x 10-14 

v-v & V-T ~1.5 10-12 

v-v & V-T 3.5 10-13 

v-v 

V-T 

4.5 x 10-13 

3.04 )< 10-13 

2.8 x 10-13 

5.1 x 10-13 

l.7 x 10-13 

Probably incorrect 

±30 

.±10 

±IS 

±20 

tlO 

±s 

±20 

2559 295 

2559 295 

447 (vI) 295 

297(v 3 ) 

-352(vl) 295 

-445(v3) 

-352(v1 ) 295 

-445 (v,) 

416 

416 

2559 

296 

295-

700 

295 

FP 75 Donovan ••• Stevenson 1970 

LF-DF 113 Karny and Katz 1976 

LF 107 Hopk.ins and Chen 1973 

FP 75 Donovan .•• Stevenson 1970 

LP 107 Hopkins and Chen 1973 

LF 61 Chen 1971 

LF 160 Seoudi. •• Henry 1980 

FP 7S Donovan ••• Stevenson 1970 

J. Phys. Chem. Ref. Data, Vol. 11, No.3, 1982 
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Table 1. Rate coefficients for; vibrational energy tranafer (continued) 

Process 

HBr(v=ll + co(v=O) .... HBr(v=O) + CO(v=O) 

(cont 'd.) 

HBr + co, see also CO + HBr 

Type 

v-v 

Rate Constant Error 

(cm3 /molecule • .s) (%) 

<4.8 x 10-15 

3.3 x 10-14 

1.6 x 10-13 

B.6 x le- l2 

1.1 x 10-11 

±5 

tlD 

6E(cm-1 ) 
( +=exo) 

2559 

2559 

210 

210 

Temp 

(K) 

295 

1200-

2000 

295 

295 

Method 

LF 

ST 

LF 

Reference Number t Author 
or First and Last Author, 

Year of Publication 

60 Chen 1971 

22 Borrell ••• Gutteridge 1974 

167 Stephenson ••• Moore 1972 

159 Seoudi. ~.Henry 1979 

CO2 excited directly, V-T contribution is less than 2% 

HBr(v=l) + co2 iOOO) + Hlldv-O) + CO
2

(MO) 

HBr + CO2 , see also CO2 + HBr 

HBr(v=1) + OBr(v-O) • HBrlv-O) + OBr(v=l) 

HBr(v-l) + DeN .... HBr(v:::::O) + DeNt 

HBr(v=1) + DF(v=O) • HBrlv-O) + DF(V-O) 

H7 9ar (v=1) + HB1I\r(v=0) + 

H79Br(v=O) + HB1 Brlv_l) 

HBr(v:;:;l) + HBr{v-l) ... HSt'{v=2) + HBr{v=O) 

HBr(v=l) .;. HBr(v;O) .... HBr(v=O) + HEr(v=O) 

HBrlv=Z) + HBr(v-O) • H6dv-1) + llllr(v=O) 

HBr(v=l) + HCX(v=O) + HBrlv-O) + HcHv=O) 

H8r(v,.,.1) + Het(v=l) -+ HBr(v=2) + HCJ.(v=O) 

V-T 

v-v 

v-v & V-T 

V-T 

V-T 

v-v 

V-T 

V-T 

V-T 

v-v 

J. Phys. Chem. Ref. Data, Vol. 11, No.3, 1982 

1.1 x 10-11 

7.4,. 10-1 ' 

2:0 295-

'£fOv 

V-T contribution is less than 10% at 900 K 

<2.0 x 10-13 2559 295 

Value reported is for keoz-HBr + 0.377 KHBr-C0
2 

±10 719 295 

±lO -71(v,) 295 

:t1S 2559 296 

±IS 2559 295 

±20 2559 295 

±4 0.4 295 

,20 90 296 

:t15 90 295 

±10 90 295 

Dit"ect excitation ~o HBr(v=2) 

6.9 x 10-12 

6.8 • 10-12 

1. 8 x 10-14 

.:HO 

05D 

±lD 

±lO 

135 

:t15 

de 

90 

2559 

2559 

2559 

2559 

2559 

2559 

320-

640 

295 

296 

296 

300 

295 

169-

3.2 .x 10-14 505 

Minimu:n in t.he rate at 314 K (1.9 x 10-14 ) 

2.2 )C 10-14 ±33 2559 

2559 

35D 

460-

1370 

LF 159 SeQudio •• Henry 1979 

167 Stephenson ••• Moore ::'972 

LF 65 Chen and Chen 1972 

LF 7 Arnold ••. Smi th 1990 

LF 61 Chen 1971 

LF 107 Hopkins and Chen 1973 

LF 26 Batt 1974 

LF 109 Horwitz and Leone 1975 

LF 104 Hopkins and Chen 1972 

LF 56 Burak ••• S::G.i!:)Ke 1972 

LF 72 Dasch and Moore 1980 

LF 140 Woter •• ~Sz5ke 1973 

FP 75 Donovan ••• St.evenson 1970 

LP 60 Chen 1971 

LF 65 Chen and Chen 1972 

LF 1 Ahl and Cool 1973 

LP 37 Bott and conen 1973 

LF 178 Zittel and Moore :973 

LP 1 ~l and Cool 1973 

ST 21 correll 1966 

The results in Ref. 21. are orders of magnitude too large 

7 .. 2)( 10-14 

6.1 x 10-13 

<3.1 l( 1Q-13 

t:20 2559 

2469 

Direct excitation to HBr(v=2) 

2.5 x 10-1:5 

Probably incorrect 

4.1 :II :0- 14 

:!:40 2559 

.tlC 2559 

±20 418 

Direct exci't.ation to HBr(v=2) 

800-
IBOO 

295 

295 

296 

295 

ST 

FP 

LF 

LF 

116 Kiefex ••• Bird 1969 

72 Dasch and Moore 1980 

75 Donollan ••• Stevenson 1970 

60 Chen 1971 

72 Dasch and Moore 1980 



VIBRATIONAL ENERGY TRANSFER IN HYDROGEN HALIDES 969 

Table 1. Rate coefficients for vibrational ener9Y transfer (cont.inued) 

Process Type 

HBr(v::sl) + HeN .. HBr(v1ZO) + HeNt v-v &: V-T 

IIBr + HeN, see alao HeN + HBr 

IIBr(v=l) + HD(v-O) • Her(v-O) + P.D(v=O) V-T 

HBr(v-l) + 3He • Har(y.O) + 3He V-T 

HBr(vr;:;:l} + He ... HBr(v-O) + He V-T 

HBr(v-l) + HF(V-O) • HBr(v=O) + HP(v=O) V-T 

V-T 

EBr + H2 , see also 112 + HBr 

v":v .. V-T 

HBrtv=l) + HI(V-O) ... ABr(vll'O) + H1(v=1) v-v 

tmr(v-l) + Kr + HBr{vaO) + Kr V-T 

EBr(v-l) + !'IO(v·O) • Har(v-O) + NO(v=l) v-v 

v-v 

V-T 

HBr + ~~2' see alao N2 +" EBr 

HBr(v-l) + 1'120(000) + HBr(v-O) + N20(001) v-v 

HBr(v=l) + OCS .. HBr(v=O) + ocs t v-v & V-T 

HBr + OCS, see a1.so Des + HBr 

v-v & V-T 

v-v & V-T 

HCHv=l) + Ar + HC~(v-O) + Ar V-T 

Rate Constant Ert'or dE(cm-1) 
(cm3 /molecule e s) (t) (+==eJto) 

1.40 x 10-12 ±4 2559 

<1 x 10-16 

S2.7 • 10-17 

•.• , 10-16 

2.8 • 10-13 

4.0 x 10-13 

1.9 x 10-14 

<3 • 10-17 

2.3 x 10-13 

4.7 II: 10-13 

1.2 x 10-14 

Probably incorre~ 

1.02 x 10-13 

9.5 x lO-J.4 

<3.2 • 10-15 

-773(001) 

±5 2559 

±s 2559 

2559 

tlO 2559 

.,0 

no 2559 

±10 2559 

.±20 2559 

:!:35 2559 

±l0 

±IS 329 

2559 

HO 

683 

±lS 228 

±10 228 

228 

2559 

336 

Direct .xcitation to N20(OOl) 

5.6 • 10-12 

6.7 x 10-12 
336 

Temp 

(K) 

295 

295 

295 

295 

296 

300 

295 

350 

295 

295 

296 

296 

295-

700 

295 

296 

295-

700 

296 

295 

295-

900 

5.6 x 10-12 tID 497('3) 296 

5.1 " 10-15 

3.5 x 10-14 

3.4 x 10-18 

1.4 ",10-16 

8.2 x 10-16 

1. B x 10-14 

-3.3 x 10-15 

..... 2.4 x 10-14 

-19('2+v3) 

±S 1003 (v-I) 296 

tlS 

:!:20 

,20 

±70 

1003 ("",1 ) 295-

2559 

2886 

2886 

2886 

2886 

2886 

700 

295 

295 

295 

295-

700 

1166-

1950 

1000-

2100 

Method 

LF 

LF 

LF 

FP 

LF 

LF 

LF 

FP 

LF 

LF 

FP 

LF 

LF 

LF 

LF 

LF 

IE 

IE 

IE 

FP 

IE 

IE 

LF 

ST 

ST 

Reference Number. t\uthor 
or First and Last Author, 

Year of Publication 

7 Arnold .. . Smith 1980 

107 Hopkins and Chen 1973 

107 Hopkins and Chen 1973 

75 Donovan •• • Stevenson 1970 

60 Chen 1971 

1 Ahl and Cool 1973 

37 Bott and Cobon 1973 

I Ah1 and Cool 1973 

75 Donovan .. . Stevenson 1970 

107 Hopkins and Chen 1973 

60 Chen 1971 

104 Hopkins and Chen 1972 

160 Seoudi •• , Henry 1990 

75 Donovan. * .StevenGon 1970 

El Chen 1971 

160 Seoudi •. . Henry 1980 

61 Chen 1971 

159 Seoudi .•. Henry 1979 

159 seoudi. •• Henry 1979 

103 Hopkins and Chen 1973 

61 Chon 1971 

160 Seoudi ... ,Henry 1980 

75 DOnOvan ... Stevenson 1970 

62 Chen and Moore 1971 

165 Steele and Moore 1914 

165 Steele and Moore 1974 

157 Seery 1913 

45 Bowman and Seery 1969 

J, Phy •. Chem. Ref. Data, Vol. 11, No.3, 1982 



870 STEPHEN R. LEONE 

Table 1. Rate coefficients for vibrational energy transfer t continued) 

Process 

He! + BCI 3 • see Bel3 + He! 

HCl(v=l) + Br .,. HC1(v-O) + Br 

HCl(v-2) + I!r • RCI(v-I) + I!r 

HCJ.(v-3) + Br .,. HC..t(v=2) + Br 

HC1.(v-4) + Br .. HC.t(v..,,3) + Br 

HCl(v=l) + Br2 .,. HC..t(v:::O) + Br
2

t 

HCI("",!) of. CD4 ... HCl(v-O) + CD
4 

t 

He! + CD4 , see also CD4 + Hel 

HCl(v-4) of. crCl3 + HCl(v=3) of. CFC1 3
t 

HcHv=5) + crC!3 • HC!{v=4) ... CFCI/ 

HcHv=6) + CrC!3. HCl(v=5) of. CFC1 3 t 

HCt(v=7) + CFCl3 • HCI(v-6) ... CFCl
3 

t 

HclIvg 3) of. CF2C12'" HcHv=2) of. CF2Cl 2 t 

HC.I.(v-4) + CF2Cl2 • HcHv=3) of. CF2C!2 t 

HCI(v=5) + CF2C1 2 '" HCl(v-4) + CF2C!2 t 

HCl!v-6) + CF2C12 • HCI(v-5) + CF2 C12 t 

HC.t(v=-7) + CF2C.t2 .,. HC.f:(vo;:;6) + CF2Cl2t 

Type Rate Constant Error !J.E(cm-1, Temp 

(cm3 /JII01ecu1e.s) (%) (+~exo) (K) 
Method 

Reference Number, Author 
or First and Last Author. 

Year of Publication 

V-T & V-E 1,9 J( 10-14 +0 
-50 -799 295 LF 126 Leone and Wodarczyk 1974 

V-T. V-! & Rx 

V-E contribution only 

2.8 x 10-13 ±20 2886 295 LF-DF 124 Leone ••• Moore 1975 

Mainly V-T contribution, total V-T and V-E would be .... 3.7 x 10-13 

±2S 2886 295 L'F'-DF 9 Arnoldi -and. wolfrum 19,6 

Total of V-T and V-E processes; V-T only is 4.15 x 10-13 

5.6 x 10-13 tIS 2886 295 
V-T contribution only 

±20 2886 295 

4.1 x 10-13 !20 2886 295 

2.8 x 10-13 ±20 2886 210 

(2.6 IoC 10-13 for V-T contribution only) 

9.5 x 10-13 

3.3 x 10-13 

3.8 x 10-13 

tIS 

±55 

2886 

2886 

371 

295-

390 

LF-DF 54 Brown ••• Van der Merwe 1976 

LF-DF 114 Karny and Katz 1976 

LF-DF 85 Fernando and smith 1979 

LF-DF 54 Brown ••• Van der Merwe 1976 

LF-DF 54 Brown ••• Van der Merwe 1976 

LF-DF 132 Macdonald and Moore 1980 

Not. as accurate as earlier measurement in Ref. 124 

.±20 2782 

1. 5 x 10-12 ±65 2782 

Thou9ht to be :mainly reaction 

>5 x 10-13 
<5 x 10-12 2782 

298 

295 

295 

Estimate for reactive contribution only 

1.7 x 10-12 tIS 2782 295 

LF-DF 124 Leone ••• Moore 1975 

LF-DF 9 Arnoldi and Wolfrum 1976 

CD 79 Douglas ..... Sloan 1973 

LF-DF 132 Macdonald and Moore 1980 

Relaxatior. to v-I observed to be dominant process; 
reac't.l0n COntrl,Outes lesS than 11'=$ 

1.1 x 10-12 

3.3 x 10-12 
.tIS 2782 295-

390 

Reaction contributes lesa than 34% at 390 K 

LF-t)F 132. 'Macdonald. and Moore 19~O 

V-T, V-E & Rx ~~: ~ ~ tg:ii 2678 295 CD 79 Douglas ••• Sloan 1973 

Est.imate for t.he reactive contribution only 

V-T, V-E 6. Rx ~~: ig:l~ 2575 295 CD 79 Douglas ••• Sloan 1973 

Estimate for the reactive contribution only 

v-v & V-T 3.26 x 10-14 ±4 2886 295 LF 124 Leone .... Moore 1975 

v-v & V-T ±20 295 LF 176 Zittel and Moore 1913 

v-v & V-T -2 x 10-13 ±30 2762 298 FT 14 Berquist.. ~ • Kaufman 1982 

10-13 .:!:30 l.oi gcr~\liot:. ••• Y.:::t.uEm1ll.n 109::! 

v-v & V-T :t30 2576 298 FT 14 Berquist. •• Kaufman 1982 

v-v & V-T ±30 2413 298 FT 14 Berquist. ••• Kaufman lc)'B2 

v-v & V-T 6.7 x 10-12 ±30 2371 298 FT 14 Berquist. .• Kaufman 1982 

v-v & V-T 1. 5 x 10-11 ±30 2269 298 FT 14 Berquist ••• Kaufman 1982 

v-v & V-T 2679 298 FT 14 Berquist... •• Kaufman 1992 

v-v & V-T ±30 2576 298 FT 14 Berquist ••• Kaufman 1982 

v-v & V-T L6 )( 10-12 ±30 2413 298 FT 14 Berquist. •• Kaufman 1982 

v-v & V-T :!:30 2371 298 FT 14 Berquist ••• Kaufman 1982 

v-v & V-T ±30 2269 298 FT 14 Berquist ••• Kaufman 1982 

v-v & V-T ±30 2619 298 FT 14 Berquist .•• Kaufman 1982 

II. PhyS. Chern. Rei. Data, Vol. 11. No.3, 1982 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HCl{v-=5) + CF3 Cl + HC.l(v=4) + CF 3Cl t 

HC.t(v=6) + CF 3Cl + HCl(vz::S) + Cr'3C.tt 

HCt(v=7) + CF3Ct • HC~{v=6) + CF3Ct t 

HCt(v=3) + CF4 ' HCl(v=2) + CF4
t 

HC1(v=4) + CF4'" HC.1(v=3) + CF4t 

HC.t(v=S) + CF 4 '" HC.t(v.::4) + CE'4 t 

HC.l{v=6) + CF4 + HC1(v::::5) + CF4t 

HC.t(v-7) + CF4 + HC1(v=6) + CF4
t 

HCJ.{v=l) + CF30Cl ... HC.Uvo:::O) + CP3OC.tt 

HCl(v=2) + CH3Cl • HC1(v=1) + CH3Clt 

Hel(v=3) + CH3Cl .,. HCl(v=2) + CH 3Cl t 

HC.llv=4) + CH:JC.i .,. He1fv-3) + CH;)Cl t 

HC1(v=5) + CH3Cl • HCl(v=4) + CH3c1t 

HCHv=6) + CB 3Cl • HCl(v=5) +CH3C,\ t 

HC.t(v=l) + CH3F + HCl(V=O) + CH3Pt 

HC1(v=2} + CH3F .,. HCl,(v=l) + CH3Pt 

HC1(V=-3) + CH3F + HC1(v=2) + CH3Pt 

HC!. (v=4) + CH3F + HC! (v=3) + CH3Ft 

HC.l{v=5) + CH3F + HC.l(v=4) of- CH3Ft 

HCl(v-6) + CH3F + HcHv-5) t CH,Ft 

HCl(VA 7) + CH), + HCl(v=6) + CH,Ft 

HCl(vc l) + CH4 + HCl(v=O) + CH4
t 

IlCl(vc 2) ... CH4 • HCt(v=!) ... CH4 t 

HCl(v=3) + CH4 + HCl(V=2) + CB4 t 

HCHv=4) + CH4 • HCl(v=3) + CH4 t 

HC!(v=5) + CH4 ~ Hcl(vz4} + CH
4 

t 

HC.Hv=7J + CH4 ~ HC1.(v=6) + CH4 t 

Hel + CH4' see also ca4 + He! 

Hell v=!) + 1, 1-C2H2Cl2 ~ 

HC,R.(v=O) + 1,1-C2H2C.l2 t 

Rel (v=l) + trans-C2H2Ci 2 ~ 

Hex {v=O) + trans-CZHzCt2 

BCl (v=l) + C2 H6 • IlCl ( v=O) + C2H
6 

t 

HCl(v=2) t C21l6 • HCl(v=l) + C2H6t 

Type 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v « V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v &, V-T 

v-v & V-T 

v-v iii V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v &, V ... T 

v-v & V-T 

v-v & V-T 

v-v &, V-T 

v-v & V-T 

v-v &, V-T 

v-v & V-T 

v-v & V-P 

v-v & V-T 

v-v & V-T 

Rate t..:onstant 

(em3 /molecule. s) 

3.4 • 10-13 

6.S x 10-13 

9.5 x 10-13 

3.6 x 10-13 

2.7 x 10-13 

4.7 x 10-13 

6.8 x 10-14 

20-10 

<9 x 10-12 

1.1 x 10-11 

3.S "- 10-11 

s.o x 1O-1l 

3.6 x 10-12 

2.7 x 10-12 

1.2 x 10-11 

2.0 )0: 10-11 

2.5 x 10-11 

3.1 x 10-13 

3.1 x 10-13 

2.0 x 10-11 

2.1 x 10-11 

2.0 x 10-11 

(%) 

:!:30 

±30 

±30 

±30 

±30 

±30 

±30 

±30 

±30 

tl0 

±30 

:!:30 

±30 

:t:30 

±30 

±30 

±30 

±30 

±30 

±30 

z30 

±IC 

>±30 

:30 

:30 

±30 

±30 

±30 

±20 

±20 

±30 

~30 

±30 

~E(crn-l ) 
(+-exo) 

2576 

2473 

2371 

2269 

2679 

2576 

2473 

2371 

2269 

2886 

2762 

2679 

2576 

2473 

2371 

2886 

Tenp 

(K) 

298 

298 

298 

298 

29B 

298 

298 

298 

298 

295 

298 

298 

298 

298 

298 

298 

2762 298 

2619 298 

2576 298 

2473 298 

2371 298 

2269 298 

-30(Vl) 295 

-133 '"3) 

-30(V1) 296 

-133(v3) 

-30(v 1 ) 298 

-133(v3) 

-30rv 1 ) 194-

-133(v3) 296 

2762 298 

2679 298 

2576 298 

2473 298 

2371 298 

2269 29B 

2886 295 

2886 295 

2886 298 

2762 298 

2679 29B 

~ethod 

FT 

FT 

FT 

IT 

FT 

FT 

LF 

IT 

FT 

FT 

F'I' 

FT 

FT 

FT 

FT 

IT 

FT 

FT 

FT 

LF 

Lf' 

f'T 

LF 

FT 

FT 

FT 

FT 

FT 

LF 

LF 

FT 

FT 

FT 

Ref.erenc.e Ntlmber_ Auth£:l.r 
or First and Last Aut.hor, 

Year of Publication 

14 Berquist ... Kaufman 1982 

14 Berquist •.. Kaufman 1982 

14 Berquist ••. Kaufltlan' 1982 

14 Serquist ••• Kaufman 1982 

14 13erquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••. Kaufman 1982 

14 t:!erquist ••• Kaufman 1982 

14 Berquist. ••• Kaufman 1982 

70 Coombe ••• Pilipovich 1975 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 BerQuist ••• Kaufman 1982 

14 Berquist ••• Kauf .... n 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist .... Kaufw.an 1982 

63 Chen and Moore 1971 

156 Schramn:: and Rapp 1980 

14 Berquist ••• Kaufman 1982 

156 Schramm and Rapp 1980 

14 Berquist. '0 • Kaufman 1982 

14 Berquist ••• Kaufrr,an 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufrr.an 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

70 Coombe ••• Pilipovitch 1975 

70 coombe ••• Pi1ipovitch 1975 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••. Kaufman 1982 
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'I'able L Rate coefficients for vibrational en'ergy transfer {continued} 

HC.t~v=4) + C2H6 .. HC.t(v=3) + C2H6 t 

HC1IvmS) + C2H6 -+ HCl(v=41 + C
2

H6 t 

HC1(v=G) + C2H6 .... HC.t(v=5) + C2H6 t 

HC.t(v-7) + C2H6 .. HCl(v-6) + C2H6t 

HCHv=l) + C3HS + HCt(vaO) + C3Hst 

HC!(v-2) + C3HS + HCt(v=l) + C3Hst 

HC!(v=3) + C3HS + HC.I.(=2) + C3HS t 

HC!(v=6) + C3Hs + HC!(v=5) ... C3HSt 

HC!lv=7) ... C3HS + HCl(v=6) ... C3HS t 

He! (val) + iso-C4He ... 

Hel (v-a) + is.o-C4He t 

lIC.t{v-2) t .i.~o-c4nS .... 

HC!(v=ll ... iso-C4Ha t 

HC1(v-3) + isc-C4He ... 

HC1(v=2) ... iso-C4He t 

HC! (v=4) + iso-C4H8 + 

HCt (v-3) + iso-C4 H8 t 

HC.t(v<=5) + iso-C
4

H
S 

-+ 

HC.t(vo:::4) + iso-C4HS t 

HC1(v-6) + iso-C4HS + 

RClIv=S) + iBo-C4H81 

HCl (v=1) + iso-C4HS .. 

HCl(v=6) + iso-C4H8 t 

HCHv-» + CJ. + flCl(V=O) ... C1 

HC1(v=2) + Cl + HC..t(v=l} + Cl 

Typ. 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v I. V-T 

v-v • V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-T 

V-T 

V-T 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 

Rate Constant Error AF(em-1) Temp 

(cm3/molecu1e'5) (%) (+=exo) (K) 

:!;30 2576 29B 

2.7 x 10-11 ±30 2473 298 

4.3 x 10-11 ±30 2371 298 

%30 2269 29B 

.t30 28B6 29B 

4.1 x 10-11 ±30 2762 298 

3.8 x 10-11 ±30 2679 298 

Z57b 

S.3 x 10-11 t30 247l 298 

±30 2371 298 

9.6 I( 10-11 :!;30 2269 29B 

6.5 x 10-11 2886 298 

5.5 x 10-11 :!:30 2762 298 

±30 2679 298 

:!;30 2576 298 

±JO 2473 298 

±30 2371 29B 

1. 2 x 10-10 :t30 2269 298 

:!::60 2886 294 

9.7 x 10.13 ±1C 2B86 295 

probably incorrect 

8.8 x 10-12 2886 298 

8.3 x 10-12 !';25 2B86 295 

8.8 x 10-12 2B86 294 

:!;40 2B86 294 

:!:lS 2S86 295 

±25 2B86 295 

uo 2886 294 

FT 

FT 

FT 

IT 

FT 

FT 

FT 

Reference Number, Author 
or Pire-t. and Last:. Aut-hor. 

Year of PUblication 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist ••• Kaufman 1982 

14 Berquist .... Kaufman 1982 

14 Bez.-quist ••• Kaufman 1982 

14 BerqUl.st ••• Kautman IIJB2 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 1992 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 19a~ 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 1982 

FT 14 Berquist ••• Kaufman 1982 

DR-LF 71 Craig and Moore 1911 

FR 152 Ridley and Smith 1971 

LF-DF 52 Bro .. n ••• Smith 1975 

LF-DF 53 Brown ••• Smith 1975 

LF-DF 1.3.3 Macdonald ••• Wodarczyk 191'5 

DR-LF 133 Macdonald ••• Wodarczyk. 1975 

LF-DF 9 Arnoldi and Wolfrum 1976 

LF-OF 117 Kneba and Wolfrum 1979 

LF-DF 132 Macdonald and Moore 1980 

1.1 • 10-11 295 LF-MS 117 Kneba and Wolfrum 1979 

The quoted rat.e is for isotopic exchange, 37C.t + H35c.t(V=I), which is 
twice the deactivation rate 

2.6 x 10-12 

1. 5 )< 10-11 

6.7)< 10-1 2-

1. 5 I( 10-11 

7.4' 10-12 

t).l ,. ;l.0- 1 ? 

3.1 x 10-12 

Probably incorrect 

±20 28S6 

2S86 

±IC 2896 

±35 2782 

±I5 27S2 

195-

397 

263-

397 

294-

295 

294 

Observed to be entirely relaxation to v=! 

LF-DF S3 Brown ••• smith 1975 

LF-DF 52 Brown ••• smith 1975 

l,.F-DF 132 Macdonald and Moore 1980 

FR 152 Ridley and Smith 1971 

LF-OF 132 Macdonald and Moore 1980 
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Table 1. R~te coefficients for vibrational energy transfer (continued) 

Process 

HC..t{v=2) + Cl + HC.t{v~l) + Cl 

(cont 'd.) 

Hell .... 3) ... Cx • HC1(v=2) + Cl 

HCl Iv=2) ... Co(vaO) • Hellv=l) ... COCv-l) 

IICl(_3) ... CO(V"'O) • IICHv-2) + CO(v-l) 

HC1(v=4) + CO(v=O) • H'::1(v-3) ... CO(y=ll 

HCl(v=5) + CO(v-O) • HC1(v=4) ... CO(val) 

HCl(vs:6) + catv=-o) .. BC1(v=5) + COeval) 

HCl(v=7) + COlv=O) • HCt(v=G) ... CO(v-l) 

UC.t(v-1) + (10("'-0) • HCI.{V-O) + CO{ .... -o) 

HC..£ +. CO, see also CO + He.t 

'lype 'R~t-.e Constant Error A:r::;(r,.;'U-1) Temp 

(cm3/molecule •• ) (%) (+=exo) (J() 
Hel.l ..... ,J 

Refet'ence Number, Author 
Qr 1"1J.ol.. OUY Uo.3L. Au.t.hor'f 

Year of Publication 

3.3 x 10-11 

3.2 x 10-11 
:tiS 2782 294-

439 

LF-DF 132 Ma<::donald and Moore 1990 

±lO 2678 295 FR 152 Ridley and Smi<h 1971 

Probably incorrect 

v-v fi" V-T f:2Q 28B6 295 LF 

6.9 x 10-15 :20 2886 295 LF 

When corrected for CO2 impurity gives 5.6 x 10-15 

1.1 x 10-14 

3.9 x 10-14 
~20 2886 449-

679 

LF-ST 

The oorrection for CO2 impurity is not needed since 
HC.!. deactivated by CO2 is temperature insensitive 

7.29 x 10-14 

2.7 • 10-13 

1.5 • 10-13 

6.6 x 10-13 

v-v & V-T' -1.2. 10-12 

v-v. V-T. 1. 7 , 10-12 

v-v & V-T 4 x 10-:-12 

v-v & V-T 1. 7 , 10-11 

v-v & V-T 3.5 , 10-11 

v-v & V-T 3.8 )( 10-11 

V-v 

_.-1 ~ 10-14 

'4.5 , 10-14 

2. [ , 10-14 

I.B x 10-13 

2.9 x 10-12 

2.1 x 10-12 

:tlQ 

t4 

tl0 

>t30 

t30 

;1:30 

:!:30 

±30 

t30 

:10 

:5 

743 

743 

743 

743 

639 

536 

433 

330 

229 

126 

2886 

295 

295 

295-

1000 

660-

1600 

298 

298 

298 

29B 

298 

298 

~.;o-

1600 

1200-

2000 

536(001) 295 

-131 (Oll) 

536(001) 295 

-131 (011) 

±5 536(001) 295 

-131 (011) 

LF 

LF 

LF 

ST 

FT 

FT 

FT 

FT 

FT 

FT 

ST 

LF 

FR 

LF 

Reports t.hat the resul ts of Ref. 64 are slightly high 

v-v & V-T 

2.6 x 10- 12 

2.6 x 10-12 

3.0 x 10-12 

2.6 x 10-12 

4.4 ~ 10-12 

6.8 x 10-12 

9.0 x 10-12 

536 

>30 536 

536 

536 

433 

±30 433 

295 

298 

295-

510 

295-

900 

295 

29B 

Ll' 

LF 

L1' 

FR 

FT 

71 Craig and Moore 1911 

40 Bott and Cohen 1975 

40 Bott and Cohen 1975 

63 Chen and Hoore 1971 

4 Allee ... DOyennette 1974 

4 All~e ..• Doyennette 1914 

ISS Seery 1975 

14 Berquist .. . Kaufman 1992 

14 Berquist .. • Kaufman 1992 

14 Berquist. .. • Kaufman 1982 

14 Berquist .•. Kaufman 1982 

14 Berquist. •. Kaufman 1982 

14 Berquist. .. . Kau{man 1982 

22 Borrell ... Gutteridge 1974 

64 Chen ... Moore 1968 

153 Ridley and Smith 1972 

167 Stephenson .. . Moon! 1972 

80 Doyennet te ... Henry 1978 

15 Berquist ... Kaufman 1982 

167 Stephenson ... M.oore 1972 

80 noyennette .. . Henry 1978 

153 Ridley and Smitn lS72 

15 Berquist ... Kaufman 1982 

ReIly=3) + CO2 (OOO) • HCi(v-2) + CO2 (001) V-V & V-To 1.55 x 10-11 330 295 FR 153 Ridley and smith 1972 

HCl(y=n) + C02(000) • 

HCt(v=n-l) + CO2 (OOl) V-V & V-T 

The rate constants in Ref. 153 are internally consistent, 'out their absolute 
magnitudes may be in error 

oA3 n=4 
r:o 2:3 

Relative rates only 

!30 330 298 FT 15 Berquist ... Kaufman 1982 

295 CD 11 Bartoszek ... polanyi 1978 

J. Phys. Chern. Ref. Data, Vol. 11,.No. 3,1982 
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T~ble 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HCl(v=6) ... CO2 (000) + HC1(v-5) ... CO2 (001) 

HC1(v=7) .. CO2 (000) + HC!(v=6) ... CO 2 (00l) 

HeR. + CO2 , see also C02'" Hel 

HC1(v=l) .. 0 • HCI(v-O) + D 

MC1(v-l) ... DC1(v-O) .. HCHv-O) + DC1(v-l) 

MC1(v-5) ... Del(v-O) + HCt{vc 4) + Xl(v-I) 

HCl(v-6) ... DC1(v-O) .. HCt(v=5) + DCI(v-l) 

HCI(v=7) + Det(v-O) + HC1(v-6J ... DCl(v=l) 

HCI( .... I) ... DeN + MC1(v-OJ + DeNt 

HCI(v-l) + DF(v=O) + HCI(v-O) + DF(V=O) 

HCt(v-l) .. H + HCI (v=O) ... H 

HCl(v=2) + H + HC.t[v=l) + H 

HCl(v"",l) + HBr(v=O) .,. HC.t(vgO) .... HBr(v:al) 

HC1(V=2) ... HBr(v-O) + HCI(v-l) ... HBr(v-l) 

HC.t(vz::;l) + HCJ.(v-l) +.HC1(v-2) + HC.t{v=O) 

Type 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-1: 

--~---~.----.-.=~=--~-~--~~~ 

Ra te Constant Error 
(cm3/molecule e s) (%) 

7.0 x 10-11 :!:30 

1.4 x 10- 10 :1:30 

1.7. 10-10 ,30 

1.0 • 10-10 ,30 

2.9 x 10-13 

:'L.4 )( In-13 

227 

124 

22 

-80 

2886 

2886 

Temp 
(K) 

298 

298 

299 

298 

295 

295-

000 

Method 

FT 

FT 

FT 

FT 

LF 

LF 

Reference Number:, Author 
or First and Laat Author. 

Year of Publication 

15 Berquist .. . Kaufman 1982 

15 Berquist •• • Kaufman 1982 

15 Berquist .. . Kaufman 1982 

15 Berquist .. . Kaufman 1982 

J.b/ .\::itepnenson •• • Moore 1972 

80 Ooyennette •• • Henry 1978 

SO '()Qy~nnette ••• Henry 1978 

V-T & Exchange 8.3 x 10-12 flO 2886 295 LF-MS 9 Arnoldi and Wolfrum 1976 

& Rx The exchange rate is 20 times slower than the relaxation 

v-v 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-T 

V-T " Rx 

V-T " RX 

v-v 

v-v 

v-v 

v-v 

.30 2886 295 LF-DF 41 Batt and Heidner 1976 

1.00 x 10-13 .5 795 295 LF 64 Chen and Moore 1971 

.!.IS 

Oirect excitation to HCl(v==2) 

,30 432 299 FT 14 Berquist ••• Kaufman 1982 

.30 330 

±30 228 298 FT 14 Berquist •• • Kaufman 1982 

.5 2886 296 LF 7 Arnold and 8mi th 1990 

,'l'. Z ~ 10-1
'; ::tl:i ~f:n:jb ;:':9) ilF 10:' HOp'k1ns and Chen 1972 

Value reported is for 'kHCJ.-0
2 

+ 0.60 k02- HC1. 

<5.3 • 10-13 

<3.5 x 10-13 

<3 x 10-13 

:!:35 

.25 

us 

2B86 

2B86 

2896 

2886 

2886 

295 

475-

745 

295 

295 

295 

LF 26 Bott 1974 

LF-ST 26 Bott. 1974 

LF-DF 10 Arnoldi and Wolfrum 1974 

LF-DF 99 Heidner and Batt. 1975 

LF-DF 9 Arnoldi and Wolfrum 1976 

The deactivation is 50 times faster than reaction 

7.6 • 10-12 :!:30 2886 295 LF-DF 41 Bott and Heidner 1976 

3.4 x 10-12 us 2686 296 LF-OF 132 Macdonald and Hoore 1980 

Tbe reactive channel may be as much as SOt 

±20 2782 296 LF-DF 132 Macdonald and Moore 1980 

Deactivation to v=l i6 only 35% of total 

1.2 x 10-12 ±35 327 295 FP 74 Donovan .• • Stevenson 1970 

1.1 x 10-12 tlO 327 295 LF 63 Chen and Moore 1970 

V-T .contribution i6 less than 3% 

±10 327 295 LF 60 Chen 1971 

EI.4 " 10-11 327 2'" IrR l!5J K1Qley ana :)ml't.n J.':fII:l 

The rate constanta in Ref. 153 are internally coneietent l but their absolute 
maqnitudes may be in error 

tlO 327 295 LF 40 !lott and Cohen 1975 

±to 223 295 LF 72 Dasch and Moore 1980 

Direct excit.ation to HCl,(v=2) 

<3.1 x 10-14 641 295 LF 72 Dasch and Moore 1990 

~20 104 295 LF 57 Burak .• • SzOke 1972 

±IS 104 295 LF 106 Hopkins and Chen 1972 

J. Phys. Chern. Ref. Data. Vol. 11. No.3. 1982 



VIBRATIONAL ENERGY TRANSFER IN HYDROGEN HALIDES 975 

Table 1. Rate coefficient& for~vibrational energy transfer (continued) 

Process 

HC.t(v-l) + HCf(v-l) .. HC.t(v-2) + HC1(V-O) 

(cont 'd.) 

Type Rate Constant Er'ror L\E(cm-1) 
(cml /mo1ecu1e •• ) (') (+-exo) 

104 

Temp 

(K) 

295 

Method 

FR 

Reference NUr::Iber, Author 
or Fit'st. and Last A.uthor I 

Year 0,£ Publication 

153 Ridley and Smith 1972 

The rate constant.s in Ref. 153 are int.ernally consistent. but their absolute 
magnitudes may be in error 

t10 

Direct excit&t1on to He! (v=2) 

±15. 
Direct. exc:itt!ltion to HC.t(v-2) 

4.6 • 10-12 

4.6 • 10-12 

5.1 • 10-12 

3.2 • 10-12 

4.6 • 10-12 

4.::> )( 1'0-1 :2 

±30 

.tlS 

110 

104 

104 

104 

104 

104 

104 

104 

104 

-207 

295 

295 

294 

296 

298 

193-

296 

294-

439 

320-
100 

295 

125 Leone ana Moore 1973 

LF 72 Oa9~h and Moore 1980 

!J' 132 Killcdonald and Moore 1980 

!J' 156 Schramm and Rapp 1980 

14 Berquist ... Kaufman 1982 

LF 156 Schramm and Rapp 1980 

LF 132 Maodonald and Hoore 1980 

140 Noter ... SzOke 1973 

Fit 153 Ridley and smith 1972 

The rat.e constants in Ref. 153 are internally conaist.ent. but t.heir absolute 
magl'litudes may be in error 

3.1 • 10-12 030 -207 298 FT 14 Berquist ... Kaufman 1982 

HCt(v-4) + HC~(V=O) + HC~(va3) + HCHv-1) V-V, V-T -3.6. 10-12 >±30 -310 298 FT 14 Berquiat ••• Kaufman 1982 

HCL(va6) + HCL(v-O) + HCL(va5) + HCl(_l) V-V & V-T 3.9 x 10-11 

HeL(V-7) .. HCL(v-O) + Hel(v-6) + HCllv-l) V-V ~ V-T 5.8 • 10-11 

H3SCL(v=I) + H37CLlv_o) + 

H3SC~(v_o) .. H37CLlv_l) V-V 

V-T 

2.95 • 10-11 

8.23 • 10-12 

t30 

.t30 

:t30 

.2 

HO 

Value ia unrea80nably small 

>2 • 10-13 

<9 • 10-12 

uo 

-413 

-515 

-617 

2886 

2B86 

2886 

2886 

298 

29B 

298 

295 

295 

192-
ti20 

290 

295 

295 

FT 

FT 

FT 

LF 

LF 

LF 

SP 

LG 

LF 

LF 

14 aerquiat .. • Kaufman 1982 

14 Berquist ..• l<aufn:.an 1982 

14 Berquist ••• Kaufman 1982 

125 Leone and Moore 1973 

109 Horwitz, and. LeQne 1918 

110 Horwitz and Leone 1979 

84 Ferguson and. Read 1967 

91 Gorochkov ••• Or .... v.ky 1971 

134 Margottin-Maclau •.. Henry 
1971 

5 Arbartzumian ••. Chekalin 
1972 

Direct excitation to v-3, detect v = 3-2, 2-1, probably incorrect 

3.5 • 10-14 

2.8 • 10-14 

3.B , 10-14 

4.".:1' x 1U-1 '" 

B.7 • 10-14 

4.9 • 10-14 

t25 

tlS 

:t20 

±20 

tIS 

:uu 

±25 

tlO 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

300 

295 

295 

190-

295 

196-

350 

144-

5B4 

LF 

LF 

LF 

LF 

LF 

1 Ahl and Cool 1973 

37 Sott and Cohen 1913 

156 Schramm and RI1PP 1980 

156 scbr .. mm and Rapp 1980 

lOB Hopkin .... Sh .. rma 1973 

1 Alll and Cool 1973 

118 Zittel and Moore 1973 

There i8 a minimum in the rate at 410-470 K (2.0 Ie 10-14) 

2886 470 LF 37 Bott and Cohen 1.973 

J. PIty .. Cit.m. Ref. Dat8, Vol. 11, No. 3, 1982 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HCi(v=l) ~ HCt(v~O) + HCl(v=O) + HCt(v=O) 

(cont 'd.) 

HC1(v=2) ... nCl(v=O) ~ HCt(v-1} ... nCl(v-O) 

HCi(v=l) ~ HCN(OCO) ~ HCl(v=O) + HCN(nmO) 

Het + HeN, see also HeN + Hel 

HCt(v=l) .. HO(,,=O) 4 HcHv~l .. HO(v=O) 

He,l + HO, see also HD + HCl 

HCt(V=l) ... He ~ nCl(v-O) ... He 

HC1(v~l) ... HF(v=O) ... HC1(v=O) ... 1!F(v-O) 

HC1(v=2) ... HP(v~O) • HO(v=l) + HF(v=O) 

HC1(v=3) ... HF(v=O) + HC1(v=2) + HF(v=O) 

HCt(v-4) ... HF(v=O) + HCl(v=3) + HF(v-O) 

HC1(v=5) + HF(v.c::O) + HC.1{v=4) + HF(v=O) 

HC1(v-6) ... HF(V=O) ... HC1(v-5) ... HF(v-O) 

HcHv-?) ... HF(v-O) • HC1(v=6] ... HF(v=O) 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 

Type 

V-T 

V-T 

V-T 

V-T 

v-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

V-T 

Rate Constant Error 

(cm3 /molecule"s) (1) 

9.5 )( 10-14 

1.3 x 10-12 

1. 5 • 10-13 

1.1 x 10-12 

S.8 x 10-15 

.'(L':1 )( In-14 

±30 

~E(cm-1) 
(+=exo) 

2886 

2886 

2886 

Values are many times too $mall 

<3.1 x 10-13 2782 

Temp 

(K) 

700-

1900 

1100-

2000 

1300-
,.,on 

295 

1.43 x 10-12 .3 2886 296 

(001) channel in HeN is very minot' 

<6 • 10-17 

4.1" 10-17 

1.1 , 10- t6 

5.6 > 10-17 

2.1 x 10-15 

3.9 , 10-14 

1.4 x 10- 13 

4.6 x 10-13 

4.0 x 10-13 

1.9 x 10-13 

4.2 x 10-13 

7.9 x 10-13 

2.5 x 10-12 

2.5 x 10-11 

4.5 x 10-11 

1:15 

+20 
-40 

±lD 

:15 

,10 

:t20 

±IS 

::t1S 

tIS 

225 

±10 

±lS 

>:!"-30 

:!;30 

:!;30 

±30 

±30 

1'30 

2aa6 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

2886 

2762 

2679 

2576 

2473 

2371 

2269 

2886 

295 

295 

295 

295 

196-

342 

295-

700 

1160-

1630 

Joe 

295 

295 

350 

470 

468-

632 

298 

298 

298 

298 

298 

298 

Method 

ST 

ST 

ST 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

Sf 

LF 

Reference Number, Author 
or First and Last Author, 

Year of Publication 

47 Breshears and Bird 1969 

45 Bowman and Seery 1969 

21 80rrell 1966 

72 Dasch and Moore 1980 

7 Arnold ••• Smith 1980 

lQS t\opki.ns and <.:Mn 1'112 

165 Steele and Moore 1974 

62 Chen and l'!oore 1971 

165 Steele and Moore 1974 

lOS Hopkins and Chen 1973 

1&5 Steele and Moore 1974 

157 Seery 1973 

1 Ahl and COOl 1973 

t.F 37 Batt and cohen 1973 

LF 40 Bott and Cohen 1975 

L'F 1 P-..'hl and Cool 19-13 

LF 37 Bott and Cohen 1~73 

LF-ST 40 Bott and Cohen 1975 

FT 14 Ber:quist ... Kaufman 1982 

FT 14 Berquist ... Kaufman 1982 

FT 14 Berquist ... Kaufman 1982 

FT 14 Berquist .. . Kaufman 1982 

FT 14 Berquist ... Kaufman 1982 

FT 14 Berquist.. •. . Kaufman 1982 

LF 

::striCtlY V-'1' process, no aOUDJ.e exponent.1al ooservea ror v-v cont.rlDut:l0n 

5.5 x 10-15 

5.9 , 10-15 

4.3 x 10-15 

5.9 x 10-15 

1.3 x 10-14 

9.1 x 10-14 

1. 6 x 10-13 

7.5 x 10- 1 ::1 

-9.7 x 10-15 

Crude estimate only 

::!:lO 2886 

2886 

2886 

2886 

j;10 2886 

2886 

2782 

295 

295 

296 

143-

296 

403-

770 

1000-
2000 

295 

LF 40 Bott and Cohen 1975 

LG 136 Menard-Bourcin ... Henry 1975 

LF 156 Schramm and Rapp 1980 

LF 156 Schramm and Rapp 1980 

LF-ST 40 Bott and Cohen 1975 

ST 155 Rosen ••• Taylor 1979 

136 Menard-aourcin •.. Henry 1975 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

He! + H2 , see also H2 + He.! 

HCl(v=l) + H20'" HCl(v=O) + H20t 

HclIv=l) + H2S ... HCl(v=O) "'·H2St 

HC1(v=I) + Hl(V=O) ... HC1(v=O) + Hl(v=l) 

HC.t{vz:::!) + HN03 ..,. HC..t(v==O) + HN03 t 

HCt(v=l) ... Kr ... HCl(v=O) ... Kr 

HCI (vcl) ... Ne ... HCllveO) ... Ne 

HC..t(v-l) + NO(V-O) ..,. HC.l(v=O) + NO(v=l) 

HCl(v=2) ... NO(V=O) ... Hellv=l} ... NO(v=l) 

HCl(vD 3) ... NO(v=O) ... HCl(v=2} ... Nolv=l) 

HC1{v=5) ... NO(v~O) ... HCl(v=4) ~ NO(vEl) 

HC1(v=6) ... NO(v=O) ... HC1(v=5) ... NO{v-l) 

HCl(v=7) + NO(v~O) ... HCi(v=6) + NO(v-l) 

HCt(v=5) + N2 (v=0) ... HCl(v-4),+ N2(v=l) 

Type Rate Constant Error .6.E(cm-1, ':'emp 

(cm3/m01ecule's) (%) ( ... ~exo) (K) 

V-T 2S79 295 

Crude estimate only 

V-T ..... 2.1)( 10-14 2576 295 

Crude estimate only 

v-v & V-T 1..5 x 10-11 ±60 2886 295 

v-v & V-T ±iO 202{v) 295 

276 (VI) 

v-v & V-T ±ID 2886 295 

626{v3) 

5361 VI) 

v-v 1.6 x 10-13 ±10 653 295 

±IS 653 295 

V-T contribution is less than IS% 

v-v & V-T .... 3.1 x 10-12 

v-v 

v-v & V-T 

v-v & V-T 

v-v 6: V-T 

v-v & V-T 

v-v 6. V-T 

4.4 )( 10-14 

4.8 • 10-13 

<6 x 10-17 

1.5 x 10-14 

S.S x· 10-14 

9.6 x 10-14 

1.2 x 10-13 

1.0 x 10-13 

5.1 x 10-11 

2B86 

!'70 2886 

2886 

!30 2886 

±30 2886 

±10 1010 

±30 1010 

1010 

;t30 906 

t30 803 

:!:30 597 

±30 495 

±30 393 

Reaction for v ::: 5.6,7 is unlikely 

v-v & V-T 8.0 x 10-13 

2.4 x 10-14 

2. G x 10-14 

3.1 x 10-14 

4.6 x 10-14 

2.94 x 10-14 

9.10 , 10-14 

v-v lie V-T .... 1.4 x 10-13 

v-v & V-T 4.5 x 10-13 

v-v &; V-T 8.1 I( 10- 13 

v-v lie V-T L 2. .>( 10-12 

v-v & V-T 7.0 x 10- 13 

±IS 2886 

,4 555 

tlD 555 

555 

555 

:tIC 555 

555 

>±30 349 

±30 246 

±30 143 

:t30 41 

-61 

295 

1900-

4000 

295 

295 

1160-

1950 

295 

298 

194-

295 

298 

298 

298 

298 

298 

295 

295 

295 

296 

193-

296 

463-

686 

300-

1000 

29B 

29B 

29B 

298 

298 

Method 

LG 

LF 

LF 

LF 

LF 

LF 

LF 

ST 

LF 

LF 

ST 

LF 

FT 

LF 

F1' 

F'I' 

F1' 

For 

LF 

LF 

LF 

LF 

LF 

RoEorenQQ Numbol:', lI.ut:hor 

or First and Last Author I 
Year of Publication 

136 Menard-'Sout:cin ... Henry 1901S 

136 Menard-Bourcir ... . Henry 1975 

62 Chen and Moore 1971 

70 Coombe ..• Pilipovitch 1975 

70 Coombe ••• Pilipovitch 1975 

64 Chen ... Moore 1968 

63 Chen and Moore 1971 

70 Coombe ..• Pi1ipovitch 1975 

157 Seery 1973 

62 Chen and Moore 1971 

165 Steele and Moore 1974 

157 Seery 1973 

177 Zittel and Moore 1973 

14 Berquist .• . Kaufman 1982 

156 Schramm and Rapp 1980 

14 Berquist .... Kaufttan 1982 

14 aerquist .• . Kaufman 1982 

.14 Berquist .•. Kaufman 19HZ 

14 Berquist .• • Kaufman 1982 

14 Berquist. . . Kaufman 1982 

14 B.erquist. .... Kaufma.n 1982 

70 Coombe .... pilipovitch 1975 

63 Chen and Moore 1971 

4 AU~e ••• Doyennett. 1974 

40 Bott and Cohen 1975 

156 Schramm and Rapp 1980 

156 Schranun and Rapp 1980 

LF-ST 40 Bott and Cohen 1975 

LF 4 All~e ... Doyennette 1974 

FT 14 Berquist. .. Kaufman 1982 

FT 14 Berquist .. . Kaufrr.an 1982 

FT 14 Berquist .. . Kaufman 1982 

14 Berquist ... Kau.fman 1981. 

FT 14 Berquist •.. Kaufman 1982 

J. Phys. Chem. Ref. Data, Vol. 11, No. 3,1982 
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T.abh: 1. ltate CQefficienta for vibrational energy traol!llfer (eontinl,led) 

Process 

HC~(v-l) + H02 • HC1(v=O) + H02' 

HCA(v-2) + H02 • HC].(v=l) + H02' 

HC].(v=3) + N02 ... llC].(v=2) + N02' 

HC1.(v=4) ... N02 ... HC1.(v=3) ... N02 t 

HC1.(v=l) + N20(000) ... Hellv=O) ... N20(OOl) 

Type 

v-v & V-T 

v-v & V-T 

V-V" V-T 

v-v & V-T 

v-v 

llCJ.(v=2) + N2o(OOO) + IIC1(v-ll + N20(OOl) V-V" V-T 

HCJ.(v=3) + N20(OOO) ... HC1(v=2) + N20(001) V-V" V-T 

HC1(v=4) + N20(OOO) ... HC~(v-3) + N20IO01) v-v & V-T 

HC1.(,,=5) + N20(OOO) ... HC1(V-4) ... N20(001) V-V" V-T 

HC1(V=6) + N,O(OOO) ... HC].(v=S) ... N~0(001) V-V" V-T 

HC1.(va7) ... N20(000) + HC1.(v=6) + N20(OOl) V-V" V-T 

V-T 

Rate Constant Error 
(cm3 /molecule'.) (t) 

9.5 x 10-13 ±30 

-1.2 :Ie 10-12 ):!:30 

4.0 x 10-12 !30 

Reaction unlikely 

1.1 x 10-12 

1.1 x 10-12 

1.9 x 10-12 

4.5 x 10-12 

4.5 x 10-11 

1.5 x 10-10 

3.1 04 10-U1 

3.e x 10-13 

.t30 

±30 

t30 

>30 

no 

t30 

±30 

2886 

2762 

2679 

2576 

662 

662 

662 

558 

455 

352 

249 

147 

4S 

2886 

288'0 

Temp 

(K) 

298 

298 

298 

298 

295 

298 

295-
700 

298 

298 

298 

298 

298 

298 

295 

Method 

FT 

FT 

LF 

FT 

LF 

FT 

FT 

FT 

FT 

FT 

FT 

LF 

Reference Number, Author 
or First and Lalit Author, 

Year of Publication 

14 Berquist .. . Kaufman 1982 

14 Berqui8t •. . Kaufman 1982 

14 Berquiet ... Kaufman 1982 

14 Berqulot ••• Kaufman 1982 

80 Doyennette ... Henry 1978 

15 Berquist ... Kauf"",n 1982 

80 Doyennette ... Henry 1978 

15 Berquist ••• Kaufman 1982 

15 Berquist ••• Kaufman 1982 

15 Berquist ••• Kaufman 1982 

15 Berquist ... Kaufman 1982 

15 Berquist •. . Kaufman 1982 

15 Berquist ••• Kaufman 1982 

80 Doyennette ... Henry 1978 

.60 lJOyennett.e ••• Henry .l'.:ll/tf 

He1.(v=l) + ° + HC1(v=0) + 0 V-T & Rx 3 .. 7)( 10-12 ±35 2886 298 [.F ... nF In Arnnld; !linn Wnl~rllm 1974 

HC1(,,=2) ... ° + HCI (v=ll .. ° 

HC1(v=1) ... OCS • HC1.(Y=O) + ocs' 

HC1.(v=2) + SF6 ... HC1.lv-1) + SF6 T 

HCt (v-3) + SF6 ... 8C1(v=2) ... SF6 t 

HC1.(v=4) + SF6 ... HC1(v-3) + SFe t 

HC1.(v-5) + SFe • HC1(v=4) + SFe' 

HC.1(v::.6) + SF6 .. HC1(vmS) + SF6 t 

It is thou9ht. tbat tbe reactive channel ia dominant 

2886 298 LF-DF 52 Brown ••• Smith 1975 

t20 2886 300 LF-DF 55 Brown ••• Smith 1975 

3.5 x 10-13 .5 2886 295 LF-DF 115 Karny ... SzOke 1975 

Reactive contribut.ion is thought to be 1. 8 x 10-13 

V-T & Rx 

v-v .. V-T 

v-V 

8.9 x 10-13 

4.3 x 10-13 

2.8 x 10-12 

5.4 x 10-15 

:!:l5 

:t20 

dO 

:!:lO 

2886 

2886 

2792 

296 

196-

400 

296 

812(001) 296 

-32(101) 

110 1330 (v-ll 295 

-203 (v-2) 

tl 5 1417 (v=l) 295 

-30(v=2) 

LF-DF 131 Macdonald ana Moon 1978 

LF-OF 55 Brown ••• Smith 1975 

LF-DF 131 Macdonald and Moore 1918 

103 Hop1<ins and Chen 1973 

LF 177 Zitt.el and Moore 1973 

LF 177 Zittel and Moore 1973 

Concluded that l!.V""2 changes in 02 may be important 

v-v & V-T 7.6 x 10-15 .20 1226(v.1) 295 FT 168 Thomas and Thrush 1977 

v-v," v-or 28&6 •• s 

V-V" V-T ±10 2886 295 LF 171 Zittel and Moore 1·973 

t30 2896 298 FT 14 Berquist ••• Kaufman 1982 

v-v & V-T -1 x 10-13 >130 2762 298 FT 14 Berquist ••• Kaufman 1982 

v-v & V-T :;1' 10-13 2679 298 FT 14 Berquist ... Kaufman 1982 

v-v & V-T :;1 x 10-13 2576 298 FT 14 Bet:'quist •• • Kaufman 1992 

v-v &: V-T !l x 10-13 2473 298 FT 14 Berquist •• . Kaufman 1982 

v-v &: V-T .... 1 x 10-13 :!::30 2371 298 FT 14 Berquist .• . Kaufman 1982 

J. Phya. Chem. Ref. Data, Vol. 11, No.3, 1982 
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Table 1. Rate· coefficients for vibrational ener9'Y transfer (continued) 

_"''''.,.''" ......... '''~ ... =-==:r2; __ =::<~ .. ''' . ...."..,..=-=..::=.:::2.".==·'''~ .... _''E'4 .... _~_~ __ *~~S_~~~_ ~ __ ""._-....-==".~~_~. ~ .. "" .... a:'1I_ .. ,. .... _~~~~_~ __ 

Process 

Hel. (v::::7) + SF6 .,. HC..t~ v-6) + SF6 t 

Hettv::!) + SiHe13 + HC1(v=O} + SiHC13 t 

HCtlve 1) + SiH2Cl2 + HcHv-O) + SiH2cl2t 

HCl(v-1) + SOC.l 2 • HCl(v=O) ... SCCl2 t 

HCN(OOl) ... Ol).L(v-O) ..... nCN(nmO) t DDr(v-o) 

HCN(OOl) + OCl(V=O) + HCN{nmO) + DCl(v=O) 

HCN(OOl) + O1'(v=O) + HCN(OOO) ... DF(v=!) 

HCN(OOl) + HBr(v-O) • HCN(nmO) + HBr(v=O) 

HCN(OO!) + HC.i.(v=O) • HCN(nmO) ... Hel(v-O) 

HCN(OOl) + HF(v=O) + HCN(nmO) + IlF(V=O) 

HF(v=l) + Ar ... HF(v-O) + Ar 

HF(v-3) + Ar ... HF(v-2) + Ar 

HF(v=4) + At: ... HF(v-=3) + Ar 

'HI?(v=6) + AI' ... HF(v=S) + Ar 

HF(v-l) + BF) ... HF(v=O) + BF3t 

HF(v-l) + Br .. HF(v-O) + Br(B['*) 

HF(v-o) + Br + HF(v=n-ll + Brta?) 

Type 
Rate constant 

(em3/molecllle-s) 

v-v 5. V-T -1. 6 II 10-13 

v-v & V-T 1.3 x 10-13 

v-v & V-T 4.3 • 10-13 

v-v & V-T 3.4 • 10-13 

V-T 

v-v & V-T 

V-T 

V-T 

V-T 

9.6 • 10-13 

1. 4 :It 10-12 

6.9 • 10-13 

Error 
(%) 

:!:30 2269 

.5 2886 

±l0 2886 

tIC 2886 

±20 3312 

t3S 405 

±35 405 

±5 3312 

±5 3312 

tlS 3312 

v-v contrioution is less than 20% 

v-v 

V-T 

V-T 

1.4 x 10-12 

7.4 x 10-13 

1.05 x 10-13 

<1.9 , 10-15 

<1.9 x 10-15 

In-14 

<3.1 • 10-15 

2.5 x 10-15 

6.2 ;toe 10-14 

8.3 x 10-14 

6 • 10-13 

9.5 x 10-15 

".:l x lU 13 

.25 3312 

:tlO 741 

3962 

3962 

3962 

3962 

t20 3962 

3962 

3962 

3622 

Temp 
(K) 

298 

295 

295 

295 

296 

298 

240-

450 

296 

296 

298 

240-

449 

295 

294 

295 

295 

350 

350 

800-

2400 

1350-

4000 

1500-

'000 

296 

Method 

FT 

LF 

LTi' 

LF 

'.F 
LF 

LF 

12 

LF 

LF 

LF 

L1' 

LF 

L1' 

LF 

LF 

12-ST 

ST 

ST 

LF 

Reference NUr.lber, Author 
or First and Last A.uthor ~ 

Year of Publication 

14 Berquist ... ~ Kaufman 1982 

70 Coombe. _. Pilipovitch 1975 

70 Cooooe ••• Pilipovitch 1975 

70 Coombe ••• Filipovitch 1975 

7 Arnold ..... Smit.h L980 

7 Arnold ••• Smith 1980 

13 5· McGarvey ... Cool 1977 

135 McGarvey_ .. • Cool L977 

7 Arnold ... Smith 1990 

7 Arnold ••• Smith 1980 

135 McGarvey ••• Cool 1977 

135 McGarvey ••• Cool 1977 

105 Hopkins and Chen 1972 

95 Hancock and Green 1972 

94 Hancock and G:reen 1972 

100 Hincnen 1973 

2 Ai:rey and Fried 1971 

89 Fried ... Taylor 1973 

16 Blair ... Schott 1973 

34 Bott and Cohen 1971 

111 vaeil'ev ••. TalJroze 1973 

163 Smith and Wrigley 1990 

Deactivat.ion of laser initiated reaction product 

'0. 
V-T <2 x 10- 15 3459 295 12 162 Wri91ey and Smit.h 1981 

V-T 3143 295 12 162 Wrigley and smith 19B1 

v-v & V-T 4.7 x 10- 4 HO 3962 295 LF 39 Bott and Cohen 1974 

V-T. & V-E !3~1)C 10-11 :!:50 274(Br') 295 LF-DF 150 Quigley and Wolga 1975 

V-T & V-E 

V-V, V-T 

v-v & V-T 

The analysis states incorrectly t.hat ke "" Ke I for V-E equilibrium l however 
the result matches a correct analysis of the data 

±20 274(Br") 295 LF 175 Wodarcz.yk and Sackett 1976 

Calculated. from reyerse E-V measurements assuming that the V-E 
transfer is 100l of the deactivation 

1.5 x 10-10 

3.2 x 10-11 

n=1 2 3 4 5 6 
Tl13SIO 

3962 

Relative rate information only 

1500-

2600 

295 

ST 18 Blauer and Solomon 1973 

CD 78 Douglas ••. Sloan 1976 

±35 3622 295 LF 123 Lampert •.• Crim 1980 

1364 (v3) 

Oirect excitation to HF( va3) 

S.5 x 10-12 3459 

1201 (v3) 

Di['ect excitation to HF(v-4) 

±15 295 LF L23 Lampert ••• Crim 1980 

J. Phya. Chem. Ref. Data. Vol. 11, No.3, 1082 
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Table 1 * Rate coefficients for vibrational energy transfer (continued) 

Process 

HF(v-2) .. CF4" HF(v=ll .. CF4t 

HF(v=3) + CF4 " HF(v=2) .. CF4 t 

HF(v=l) + CH4 ,. HF(v=O) .. CH
4 

t 

Type 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-V, V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

Rate Constant Error 

(cm3/molecule-s) (%) 

.:30 

:50 

±so 

H(cm-1 ) 
(+=exo) 

3962 

3962 

3789 

3622 

Temp 

(K) 

295 

298 

298 

298 

320 

. =15 3962 295 

941(.3) 

6 .. 5 )( 10-13 ±30 3962 298 

8.0 x 10-13 .15 

7.6 x 10-12 

2.2 x 10-12 :-50 

:50 

1.8 x 10-11 ::25 

Direct. excitation to HF(v=3) 

1.3 x 10-11 

4.7 x 10-11 .15 

941 1v 3 ) 

3962 

3789 

3622 

602(,,) 

3459 

4'9('3) 
Direct excitation to HF(v-4) 

3299 

1.0 • 10-10 ±30 3299 

4.8 x 10-11 3143 

.30 3143 

3.9 x 10-11 2988 

295 

295 

320 

298 

295 

298 

295 

295 

295 

295 

295 

298 

295 

298 

295 

Method 

LF 

FT 

FT 

FT 

FT 

LF 

FT 

LF 

FT 

FT 

FT 

FR 

FT 

FR 

LF 

FR 

LF 

FR 

FT 

FR 

FT 

PR 

Reference Nu1T1l:ler, Author 
or First and Last i\uthor, 

Year of Publication 

39 Bott and Cohen 1974 

119 Kwok and Cohen 1974 

119 Kwok and Cohen 1974 

119 Kwok and Cohen 1974 

6 An1auf •• • Herman 1973 

96 Hancoc); and Green 1973 

119 Kwok and Cohen 1974 

24 aott 1977 

8 Arnold and Kimbell 1978 

6 Anlauf ••. Herman 1973 

119 Kwok and Cohen 1974 

147 Poole and S:nith 1977 

119 1(,,0)< and Cohen 1974 

147 Poole and Smith 1977 

123 Lampert ... Ctim 1980 

147 Poole and Smith 1977 

123 Lampert ..• Crim 1980 

147 Poole and Smith 1977 

81 Dzelzkalns and Kaufman 1982 

147 Poole and Smith 1977 

81 Dzelzkalns and Kaufman 1982 

147 Poole and Smith 1977 

The rate constants in Ref. 147 are internally consistent. but their absolute 
magnitUdes may be in error 

HF(v=l) + C2F4 ,. HF(v=O) .. C2F4t 

IIF(v-2) + C2F4 ,. HF(v=l) + C2F4t 

IIF(v=l) ,. C2F6 ,. HF(v=O) ,. C2F6 t 

HF(v=2) + C2HF3 + IIF(v=l) .. C2HF3t 

HF (v=l) + C2H2 ,. IIF (v=O) + C2H2 t 

IIF(v=2) .. C2H2 • HF(v-l) + C2H/ 

IIP(v=l) + 1,1-C21l2F2 ,. 

HF(v~O) .. 1,1-C2H2 F2 t 

HF{v=2) + l,l-C2H2F2 .... 

HF(v-l) + 1,1-C2H2F2t 

v-v & V-T 

V-V, V-T 

v-v & V-T ~4.9 x lO-iS 

v-v tIoI V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-V, V-T 8.3 • 10-13 

v-v & V-T 2.0 x 10-12 

J. PhyS. Chem. Ref. Data, Vol. 11, No.3, 1982 

:!;30 

135 

2988 298 FT 81 Dzelzltalns and Kaufman 1982 

3962 298 FT 8 Arnold and Kimbell 1978 

3789 298 FT 8 Arnold and Kimbell 1978 

3962 295 LF 39 Bott and Cohen 1974 

e Arnola ana l\lml.JfUl 151'76 

3789 298 FT 8 Arnold and Kimbell 1978 

3962 320 FT 6 Anlauf ... Herman 1973 

3789 320 FT 6 Anlauf ••• Herman 1973 

3962 298 FT 8 Arnold and Kimbell 1978 

3789 298 FT 8 Arnold and Kimbell 1978 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HF( V" 1 ) + cis-I,2-C2H2F2 + 

HF(v=O) + Ci5-1, 2-C2H2F 2 t 

HF(v;;;;;2) + cis-l,2-C2H2F2 ,'" 

HF(v=l} + cia-l, 2-C2H2F 2 t 

flF{ v:::::.l) + trans-I, 2-C2H2F2 ... 

HF (v=O) ~ trans-I, 2-C2"2F 2 t 

ftF( \=2) + trans-I, 2-C2H2F2 + 

HF(v=l) + trans-I. 2-C2"2F2 t 

HF(v=l) + C2"3F + HF(V-O) + C2",pt 

"F(v=2) + C2",F + HF(v=l) + C2H,Ft 

HF(V=l) + C2H4 + HF(V=O) + C2H4t 

HF(v=2) + C2H6 • HF(v=l) + C2H6t 

HF(v=lj + C3H6 + HF(v=O) + C3H6t 

llF(v=l) + e3He • HF(V=O) + C3Ha' 

HF(v=2) + e3BS + HF(v=l) + e3Ha t 

HF(v=l) + C4Fe + fiF(v=O) + c4Fst 

HF(v=ll + C4HlO + HF(V-O) + C4HIO t 

HF(v=l) + Cl ... HF(v-O) + C.l 

HF(v=n) + Cl., ... HF(v=n-l) + Cl 

HF(v.=l) + el 2 ... HF{v=-O) + C.l z'" 

HFev-l) + elF .. HF(v=O) + C1Ft 

HF(v~ll + elF3 • HF(v=O) + CU'3 

HF(v=!i + CO(v=O) + HF(V=O) + CO(v=l) 

HF(v=2) + CO(v=O) + !!F(v=l) + CO(v-l) 

Typo Rate Constant Error 6E(cm-1} 

(cm3/molecule-s) ell (+=exo) 

Temp 

(K) 

v-v & V-T 9.6 x 10-13 

v-v. V-T 1.9 x 10-12 

v-v. V-T 9,0 x 10-13 

v-v & V-T 2.0 x 10-12 

v-v & V-T 1.05 x 10-12 

v-v & V-T 2.7 x 10-12 

v-v & V-T ;,1. 7 x 10-12 

1.5 x 10-12 

v-v &: V-T J!7. 3 x 10 ... 12 

v-v & V-T 

3.4 x 10-12 

v-v & V-T 9.3 x 10-12 

v-v & V-T 

v-v & V-T 

2.6 x 10-12 

V-V, V-T 9.9 x 10-12 

v-v & V-T ~1.9 x 10-14 

V-V, V-T 5.3 x 10-12 

V-T 

4.0 x 10-12 

3.8 x 1O-1l 

1. 3 x 10-12 

1.7 x 10-11 

3962 

3789 

3962 

3789 

3962 

3789 

3962 

3962 

3789 

3789 

3962 

tlS 3962 

tlD 3962 

3789 

:tlS 3962 

3962 

:15 3962 

±lO 39&2 

3789 

t15 3962 

115 3962 

,,10 3962 

:25 3962 

3962 

3962 

298 

29B 

298 

29B 

298 

298 

320 

29B 

320 

298 

320 

295 

295 

320 

295 

320 

295 

295 

320 

295 

295 

295 

295 

3000 

IS50-

3200 

V-T n=l 2 3 ...i..2. 6 
1 r 10 30 50 50 

Relative rate informat.ion only 

295 

v-v & V-T 1.0 x 10-14 

v-v & V-T ~2. 5 x 10-14 

v-v & V-T 3.5 x 10-12 

6.2 x 10-12 

V-V, V-T 1.1 x 10-13 

V-V, V-T -5.6 x 10-12 

V-V, V-T 

v-v & V-T 2.9 x 10-13 

±20 3962 295 

±2S 3962 295 

:15 3962 295 

:1:30 3962 295 

±IS 3789 295 

:35 3799 295 

tlO 1816(v=-=l) 295 

-301 (,,=2) 

±20 ISI6(vtil) 295 

-301 (v=2) 

1646(v=1) 295 

Method 

FT 

FT 

FT 

Fr 

FT 

FT 

FT 

FT 

'FT 

FT 

FT 

LF 

LF 

r'T 

FT 

LF 

FT 

LF 

LF 

FT 

LF 

LF 

LF 

Reference Number, Author 
or First and Last Author, 

Year of Publication 

8 Arnold and Kimbell 1978 

8 A.rnold and Kimbell 1978 

a Arnold and Kimbell 1978 

8 Arnold and Kimbell 1978 

B I'.rnold and Kimbell 1978 

B A.rnold and Kimbell 1978 

6 AnlauL •• Herman 1973 

8 Arnold and Kimbell 1918 

6 A.nlauf ••• Herman 1973 

8 Arnold and Kimbell 1918 

6 1Ullauf ••• Herman 1913 

96 Hancock and Green 1913 

24 Sott 1977 

6 Anlauf ••• Herman 1913 

96 Hancock. and Green 1973 

6 An1auf .... Herman 1973 

96 Hancock and Green 1913 

24 Bott 1977 

6 Anlauf ••• Herman 1913 

39 Bott and Cohen 1974 

96 Hancock and Green 1913 

24 Bott 1977 

LF-OF lSI Quigley and Wolga 1975 

ST 

CD 

LF 

LF 

LF 

LG 

I.G 

LF 

LF 

FR 

18 Bla.uer and Solomon 1973 

78 Douglas •.• Slo~n 1976 

151 Qt:.igley and Wo1ga 1915 

39 Botl and Cohen 1914 

96 Hancock and Green 1973 

59 Chebotarev ..• P6hezhetsk.i i 

1976 

S9 Chebotarev ... PshezhetsJd i 

197u 

59 Chebotdrev .•• Pshe'1.hetski i 

1976 

31 Bott and Cohen t97) 

92 Green and Hancock. 1973 

147 Poole and Smith 1977 

J. Phys. Chern. Ref. Data, VoJ.11, No.3, 1882 
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Table 1. Rate coefficients for vibrat.ional energy transfer (continued) 

Typt:: 

HFlv=3) + CO(v=O) • HF(vE2) + CO(v=l) V-V & V-T 

HF(v-4) + CO(v-O) • HF(v=3) + CO(v=l) v-v & V-T 

HF(v=5) + CO(v=O) • HF(v=4) + CO(v-l) V-V & V-T 

HF(v=6) + co(v=O) • HF(VES) + CO(v=l) v-v & V-T 

HF(v=7) + CO(v=O) • HF(v=6) + CO(v=l) v-v & V-T 

HF + CO. see also CO + HF 

HF(v=l) + COF2 • HF(v=l) + COF2 t v-v & V-T 

HF(v:1) + CO,(OOO) ~ ·HF(v=O) + CO,(OOl) v-v &: V-T 

HF(vo2) + CO 2 (000) • HF(v=l) ~ C02(001) v-v & V-T 

HF{v~3) + C02(DDO) • HF(v-2) + C02 (001) V-V & V-T 

J. Phys. Chem. Ref. Data, Vol. 11, No.3, 1982 

Rate Constant Error .o.~(I,;UI-l} Temp 
Reference Number, Author 
v. l'"ll.t>t c1l1a Ldbt. A.UI.'hUL, 

(em3 /molecule· s) (%) (+-exo) (K) Year of Publ ication 

1.2 x 10-12 1478(v=1) 295 FR 147 Poole and Smith 1977 

2.9 x 10-12 ±IC 1478(vD l ) 296 LF 163 Smith and Wrigley 1980 

5.4 x 10- 12 1315(vD l) 295 PR 147 Poole and Smith 1977 

1.38 x 10-11 .tID 1315 (v=l) 295 LF 162 8mi th and Wrigley 1981 

Deactivation of laser initiated reaction product 

1.2 x 10-11 1154 (v=l) 295 FR 147 Poole and 8mi th 1977 

2.6 x 10-11 996(v=1) 295 FR 147 Poole and Smith 1977 

4.1 x 10-11 ±35 996(v=1) 295 LF 162 Smith and Wrigley 19B1 

Deactivation of laser initiated reaction product 

2.3 x 10-11 841(v=1) 295 FR 147 Poole and 8m! th 1977 

The rate constants in Ref. 147 are internally consistent, but their absolute 
magni tudes may be in error 

tID 

1.2 )( 16- 12 

3962 295 

1612(00l) 2~5 

243 (101) 

LF 39 Bott and Cohen 1974 

FR 3 hire'! and S1l'Iitn lq12 

The rate constants in Ref. 3 are internally consistent, but their absolt.:te 
magni tudes may be in error 

1.82 , 10-12 ±2 1612 (001) 298 LF 94 HanCOCK and Green 1972 

243 (101) 

1.82 x 10-12 .4 1612 (001) 294 LF 95 Hancock and Green 1972 

243(101 ) 

1.11 x 10-12 ±5 1612(001 ) 295 LF 37 Bott and Cohen 1973 

243 (101) 

2..2 x 10-12 ±20 1612{001 ) 295 LF 127 Lucht and Cool 1974 

243 (101) 

1.3 )( 10-12 ±30 1612 (001) 298 FT 119 Kwok and Cohen 1974 

24:1(101 ) 

1.2 If 10-12 :!.:lO 1612 (001) 295 LF 31 Bott 1976 

'41 (101 ) 

1. 2 ;>( 10-12 1612(001 ) 298 PT 8 Arnold and Kimbell 1978 

243(101) 

1.7 x 10-12 ±20 1612(001) 205- LF 129 Lucht and Cool 1975 

1.1 x to-12 243(101) 358 

1.3 x 10-12 1612 (001) 350 LF 166 Stephens and Cool 1972 

243 (101) 

"'1. • .1. x .\.U 1.:l lOLZ~VQl ) 110 v/Sl'.ll).·~ ...... Td1·Lvzu ~"72 

243 (101) 

2.2 • 10-12 ±20 1612 (001) 295- LF 127 Lucht and Cool 1974 

1. 2 x 10-12 243(101) 610 

9.2 0( 10-13 ,5 1612 (001) 450- LF-ST 37 Bott and Cohen 1973 

1. 0 x 10-12 243(101) 1100 

4.4 )( 10-12 1440 (001) 295 FR 3 Airey and Smitr. 1972 

Value given includes correction for radiative lifetirr.e noted in 147. 

The rate constants in Ref. 3 are inte['nally consistent, but their absolute 
magnitudes may be in 

4.8 x 10-12 1440(001 ) 298 FT 119 Kwok and Cohen 1974 

6.2 )( IO-l.Z :!:IO 1440(001) 295 LF 31 Bott 19i6 

3.4 x 10-12 1440(001 ) 295 FR 147 Poole and Smith 1977 

6.4 )( 10-12 1273 (001) 295 FR 3 Airey and Smith 1972 

Value given inCludes correction for radiative lifetime noted in 147 

5 x 10-12 ±SO 1213(001) 29B FT t19 Kwok and Cohen 1974 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HFI"..3) + C02(000) • HFI,,=2) + co2 (001) 

Icont'd, ) 

HFI,,=4) + co,IOOO) • EFI,,=3) + CO.IOOl) 

HFlv=5) + CO 2 (000) - HF(v=4) + C02(001) 

HFlv-6) + CO,IOOO) • flF(V=S) + CO2 (001) 

HFI"=n) + CO2 (OOO) .. 8FI=n-l) + CO2(001) 

HFlv=l) + 0 • HF(v~O) + 0 

HFlv=3) + 0 • HFlv=2) + D 

HF(v==1) + D3r(v=O) + HF(v=O) + DBr(v=l) 

Type 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-7 

v-v & V-T 

v-v fie V-T 

Rate Constant. Error A:E:(cm .. 1) Temp 

Icm3/molec'.lle •• ) 1%) I+~exo) IK) 
Method 

1.2 x 10-11 no 1273(001) 295 LF 

1273 (001) 295 FT 

7.0 x 10-12 1273(001) 295 FR 

1.01 x 10-11 tlS 1273(001) 295 LF 

LF 

Deactivllltion of laser initiated reaction product 

1109(001) 295 

Reference Number, Author 
or First and Last. Author, 

Year of Publication 

31 Bott 1976 

116 Kwok. private coTtUnunication 
in Ref. 31 

147 Poole ana Smith 1977 

77 Douglas and Moore 1979 

163 Smith and Wrigley 1980 

3 Airev and Smith 1972 

Value given includes correction for raCliative lifetirr.e noted in 147 

1109 (001) 295 FR 147 Poole ano Smith 1977 

:!:25 1109(001) 295 LF 77 Douglas and Moore 1979 

:,tIO 1109(001) 295 LF 162 Smith and Wrigley 1981 

Deactivation of laser initiated reaction product 

949 (001 ) 295 FT 3 Airey and Smith 1972 
vaLue g.1ven incJ.uaes cort'eC'C.10n ror raa1.S'C.1ve L1J:e't.1rne nQ'tea 1n J.41 

949(001) 295 FR 147 Poole and Smith 1977 

:.30 949 (001) 298 FT 81 Dzelzkalns and Kaufman 1982 

3.5 )( 10-11 794(001) 295 FR 147 Poole and Smith 1971 

7.1 , 10-11 :t35 794 (001) 295 LF 162 Smith and Wrigley 1981 

Deactivation of laser initiated reaction product 

70;14 (UU!) .l::Jts 

640(001) 295 147 Poole and Smith 1977 

The ra.te constants Ref. 147 arE' internally consistent, 'but their absolute 
magnitudes may be errol" 

3,0 , 10-10 :t30 640 (001) 298 

n:al ~ _3_ __4_ __5_ __6_ 
1.li 4 1.21 2.16 1.89 3.76 

Relative rate information only 

3962 

295 

295 

81 Dzelzkalna. and Kaufman 1982 

CD 51 Brown .... PQlanyi 1978 

LF 173 Wendelken ••• Noetzel 1975 

V-T & Exchange 3)( 10-14 ±90 3962 295 LF-DF 99 Heidner and Bott 1975 

V-T 6c Rx "" 

v-v & V-'f 

v-v & V-T 

v-v &. V-T 

v-v & V-'!! 

9.8 , 10-11 3622 295 LF-DP 43 Bott and Heidner 1977 

Sequential absorption to HFl v:!l.3) 

1. 3 x 10-10 

9,9 x 10-11 
3622 200-

295 

LF-DF 43 Batt and Heidner 1977 

Provides evidence tnat the v=3 295 CO 12 BartoszeK ... Polan},i 1978 
relaxation is due mainly to reaction {HD) channel 

1.4 x 10-13 

1.14 x 10-13 

9.6 , 10-14 

9.0 x 10-14 

8.2 :we 10-14 

1. 2 x 10-13 

1. 0 x 10-13 

8,5 x lC.-14 

1.3 x 10-12 

5.9 x 10-13 

±35 

:!:lO 

!20 

.no 

:t10 

t20 

2119(v=1) 295 

2791 v=2) 

LF 39 Bott and Cohen 1974 

967 

967 

967 

967 

967 

967 

7% 

629 

294 LF 95 Hancock and Green 1972 

295 L·P 31 Bott and Cohen 1973 

295 LF 44 Rot.t. And Ih-,i nnpr I <)1=In 

200 LF 44 Bott and Heidner 1980 

4 SO- LF-ST .3 7 Bot t and Cohen 1 973 

1000 

1500-

3300 

295 

295 

ST 34 Bott and Cohen 19-71 

FR 146 Poole and Smith 1977 

FR 146 Poole and Smith 1977 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HF(v=3) + D2(v=0) + HP(v=2) + D2 {V=1) 

(cant 'd.) 

Type 

v-v & V-T 

v-v & V-T 

v-v to. V-T 

Rate Constant Error tE(cm-1) Temp 

(cr.\3jmolecule-s) (%} (+=exo) (K) 

1.3 x 10-12 .20 628 295 

Direct excitation to HF(v=3} 

,15 628 295 

Sequent.ial absorption to HF( v-3) 

tIS 629 200 

1. 2 x 10-12 466 295 

,20 466 295 

Direct excitacion 'too liF'{v=4) 

304 295 

304 298 

146 295 

4.2 x 10-11 ±30 146 29B 

!-1ethod 

LF 

LF 

LF 

FR 

LF 

l"R 

FT 

FR 

FT 

Reference Number. Author
or First and Last Author-. 

Year of Publication 

77 Douglas and Moore 1979 

44 Bolt and Fieidner 1980 

44 Bott .and Heidner 1980 

146 Poole and Smith 1977 

77 Douglas and Moore 1979 

146 Po<>le and Smith 1977 

B1 Dzelzk.alns and Kaufman 1982 

146 Poole and Smitn 1977 

81 Dzelzkalns and 'Kaufman! 982 

IIF(V=7) ... 02(v=0) • HF(v=6) ... D2(v=1) v,-V & V-T -6.1 x 10-12 -10 295 PR 146 Poole ilnd Smith 1917 

HI"(<I=2) + D20 • HI"(v=l) + 020t 

IIF(v=3) ... 0,0 + IIF(V=~) ... Doot 

IIF(v=4) ... 020 • 111" (v=3 ) + :)20t 

IIF(v=5) + °20 + IIF(v=4) + ~2ot 

IIF(v=6) ... 020 + IIF(v=5) • D20t 

IIF{v=l) ... DF{v=O) + IIF{v=O) ... OF(v=l) 

v-v & V-T 

V-V. V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v &. V-T 

v-v & V-T 

v-v & V-T 

J. Phys. Chen». Ref. Data, Vol. 11, No.3, 1982 

Tbe rate constants in Ref. 146 are int.ernally consistent, but. their absolute 
magnitudes may be in error 

1.0 x 10-10 

l.~ .. 10-11 

1.1 )( 10-1.1 

7.1 x 10-ll 

4 • .9 x 10-11 

3.1 x 10-11 

±30 

:!:lS 

-10 298 

117-G(v3' :.zoo-
3300 

3789 295 

3622 295 

3459 295 

3299 295 

3143 295 

2988 295 

FT 81 Dzelz'k:alns and l<aufman 1982 

LF 95 Hancock and Green 1972 

20 Dlau.:a .••• QWC~~:I 1972. 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

FI< 147 Poo.le and Smith 1977 

FR 147 Poole and Smi tll 1977 

FR 147 Poole and Smith 1977 

The rete constants in Ref. 147 are internally consistent., but t:.heir absolute 
magnitudes may be in error 

3.3 JC 10-12 :t35 1055 300 LF 1 Ahl and Cool 1973 

v-v contribution only 

±5 1055 295 LF 37 Bott and Cohen 1973 

May contain a small V-T contribution 

:tIO 1055 295 LF 100 Hinchen 1973 

v-v contribution estimated to be 7.4 x 10-13 

±20 1055 295 LF 93 Hancock and Green 1975 

Contains V-T contribution 

lOSS 296 LF 97 Hancock. and Saunders 1976 

Cont.ains V-T contribution 

appears to bQ no V-R mechanism in HF de"ctl,vs'ted by OF, as in HF deactivated 
HF. flrnh;!thlv hFl'C"o:tIHIi'! t-h", ¢:t.l"lPOT"gY di fr,p,T"~nl"'~ rr.lt("h s.mi"l11¢:t.r 

'l." )( ;;"Q-1:::1: 

2.4 x 10-12 

1055 

1055 

200 LF 

198 LF 

.UQ-

364 

Polymer (OF)n quenching observed in Refs. 129 and 97 

2.9 , 10-12 t45 

v-v contr10Ut10n Ohl.Y 

4.2 • 10-12 

2.2 • 10-12 

1 ~ ¥ 10-12 

1. 3 x 10-12 

<20 

.s 

1055 

105S 

lOSS 

3SC 

297-

G7& 

1100 

LF 

LF 

93 HanCOCK Ilnd Green 1915 

97 HancocK. and Saunders 19i6 

1,,9 4ucnt. ana 1.,;001 l'in::. 

;. Ahl and Cool 1973 

128 Lucht and Cool 1974 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

flF(v-l) + DF(v=O) .... HF(v=C) + DF(v=l) 

(cont 'd.) 

HF(v~1) ... OF(v-O) + HF(vROl + DF(V~O) 

"F(V=1 1 ... F • HF(v=Ol + F 

HF(v=2l + F • IlF(v=l) ... F 

HF(v=ll + F.(COl S • HF(v=O) + Fe(CO)5 t 

HF(V=l) + H .. HF(v=O) + H 

HF(v=2) + H '" HF(v=ll + H 

HF(v"'"'3) + H ..,. HP(v=2) + If 

HF(v>=l} + HBr{v=O) .... HF{v"O) + HBr(v=l) 

HFi.V::7l'4) + HBr(v=o) ... HF(V=;:i) + HBr\v=.l) 

HF{v=l) + HBr{v=O) .... HF(v:::O) "'" HBdv:::oO) 

HF[v=l) + HC1.(v=O) .... HF(v=O) + HC1(v=I) 

Type 

V-T 

v-v & V-T 

V-T 

Rate Constant Error 

(cm3 /molecule-s) (%) 

4.5 x 10-13 

3.1 x 10-12 

<1.4 x 10-12 

.±so 

!15 

±50 

±15 

.6.E(Ci,\-l) 
(+~exo) 

1055 

3962 

3962 

3962 

3962 

Strong rate enhancement over monomer 

2.8' 10-13 :1;25 3962 

Temp 

(K) 

1700-

3300 

300 

295 

350 

198-

296 

29S 

Method 

ST 

LF 

LF 

LF 

LF 

Referenc:e Number I Author 
or First and Last Author, 

Year of Publication 

19 Blauer ••. Owens 1972 

1 1\hl and Cool 1973 

100 Hinchen 1973 

1 Ahl and Cool 1973 

97 Hancock and Saunden. 1976 

LF-OF 149 Quigley and Wolga 1974 

2.8 x 10-13 t~S 3962 295 LF-OF 151 Quigley and Wo1ga 1975 

4.5 x 10-12 

1. 3 x lO-ll 

,20 3962 1500- LF-ST 16 Blair ••• Schott 1973 

5.0 x 10-11 3962 

2400 

leoo-
3300 

ST 35 Bott and Cohen 1971 

The rata constant is essentially constant over this temperature range 

1. 5 x 10-12 

1. 5 x 10-11 
3962 1700-

3500 

3962 2500 
Rates found to be seven times slower than 

ST 164 Solomon ••• Hnat 197) 

17 Blauer and Solomon 197.3 
in Ref. 164 

V-T Rate is 6 times faster 3789 2500 ST 17 Blauer and Solomon 1973 
t.han v-I 

v-v & V-T .... 6.2 x 10-12 3962 295 LF 37 Bott and Cohen 1973 

v-v So V-T 

V-T 

V-T 

V-T So Rx 

v-v 5. V-T 

v-v &; V-T 

V-T 

v-v & V-T 

3962 

3962 

396~ 

3962 

±30 3962 

3789 

1. 1 II 10-12 t50 3789 

SeQuential absorption to HF(v-'2) 

LOS x 10-10 

1. 66 x 10-10 

1.05·x 10-10 

±40 

:!:25 

3789 

3622 

3622 

3622 

350 

350 

295 

295 

295 

295 

295 

295 

295 

295 

200-

295 

LF 2 Ait'ey a.nd Fried 1971 

89 Fried ••• Taylor 1973 

FT :':21 Kwo'k and \'111kins 1974 

LF-DE' 149 Quigley a.nd Wolga 1974 

LF-DF 99,98 Heidner and Bott 

1')15.,1"77 

121 Kwok and Wilkins 1974 

LF-DF 42 Bott and Heidncr 1977 

LF-PF' 98 Heidner and Bott 1977 

FT 121 Kwo'k and Wilkins 1974 

LF-DF 42 Bott and Heidner 1977 

98 Heidner and Batt 1977 

LF-DF 43 Bott and Heidncr 1978 

It is thought that relaxation of HF(v==3) is much -faster because the t"eactive 
channe 1 Opens up 

=35 1400 300 LF 1 Ahl and Cool 197J 

v-v contribution only 

:!:l5 1400 295 LF 37 Bott. and Cohen 1973 

Contains V-T contribution 

±3S 1400 350 LF 1 Ah1 and Cool ]973 

::uo 'J.HJU 

Deactivation of laser in!tiated reaction product 

3962 300 LF 1 ~h1 and cool 1973 

3962 350 l.F 1 A:,1 ;and Cool 1973 

5.3 x 10-13 ±5 1074 295 LF 37 Bott and Cohen 1973 

Contains V-T contr ibution 

J. Phys. Chem. Ref. Data. Vol 11_1110.3.1982 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

HP(val) + HCt(v=O) + HF(',=O) + HCl(v=l) 

lcont'd.) 

HF(v=3) + no (v'O) + UF (v=2) + HCl (v'l) 

HF(v=l) + P.:Cl(v=O) .... HF(v=O) + HCl(V=O) 

HF(v>:::l) + HCN(COO: -+ HF(v=O) + HCN(OOl) 

HF(v.2) + HeN. HF(Y·l.) + HeN t 

HF{v::::3J + HeN -+ HF{v::2) + HeN f 

HF(V=4) + HeN .. HF(v=3) + 3CN t 

HF(v=5) + HeN "+ HF(v=41 + HCNt 

HF(v=6) + HeN .... HP(v'=5) + HCN t 

BF + HeN, see also HeN + UP 

HF(v=2) + HO(v·O) • HF(Y·O + HD(',.I) 

IIF(Y=3) + HO(v·O) • HF(v=2) + HO(v-ll 

flF(v-4) + llO(v'O) • HF(y=3) + HD(v=l) 

liF(v=5) + HD(v=O;' ... HF{v=4) + H;)(v=l) 

HF(v=6) + HO(v=O) " HF(v=5) + ID(v=l) 

HF(v=l) + He .... HF'(v=O) + He 

!-fF(v=l) + HF(v=l) .... iIF(v=2) + HF(v=O; 

Type 

v-v & V-T 

V-T 

v-v & V-'I 

v-v & V-T 

v-v & V-T 

(cm3 /molecule 4 s) ('%l 

7.4 x 10-13 

v-v contribution only 

6.7 x 18-13 

4.2 x 10-13 

6 x 10-13 

2.5 x 10-14 

1. 7 x 10-13 

±5 

:!:lO 

!J.E{crr.-1) TelLlp 

(+:exo) (K) 

IC74 

1074 

1074 

1074 

739 

3QO 

350 

450-

LlDO 

1420-

290" 

295 

Sequential absorption to HF( v=3) 

1.2 x 10-11 :!:.15 739 296 

Met:,od 

LF 

LF 

LF-ST 

ST 

LF 

LF 

Deactivation of laser initiated :::-eaction product 

<4.9 x 10-13 

<4.3 10-13 

5.3 >c 10-12 

7.2 x 10-12 

3. J x 10-12 

±25 

±20 

3962 300 LF 

3962 350 LF 

650 (COl) 298 LF 

-44(011) 

650 (001) 240-

-44(011) 449 

3789 295 FR 

3622 295 FR 

Refere:;J.ce Number. Author 
or Pi rst and Last Author, 

Year of Publ ication 

1 A.h1 and Cool. 1913 

1 Ahl and Cool 1973 

37 Batt and Cohen 1973 

20 Blauer ••• OWens 1972 

31 Bott 1976 

1&3 8mi th and Wrigley 1990 

1 Ahl and Cool 1973 

I Ahl and Cool 1973 

135 ,"1cGarvey ..• Cool 1977 

135 McGarvey ••• cool 1977 

147 ?oole and Smith 1977 

147 Poole and Smith 1977 

v-v & V-T 8.6 x 10-11 3459 295 FR 147 Poole and Smith 1977 

v-v Eo: V-T 1.1 x 10-10 3299 295 FR 147 Poole and Smith 1977 

v-v &: V-T 7.4 x 10-11 3143 295 FR 147 Poole a:ld Smith 1977 

v-v & V-T -5.2 x 10-11 2988 295 PR 141 Poole and Smith 1'111 

v-v & V-T 

v-v & v-'r 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-T 

v-v 

Ti"'.e rate constants ::'n Ref. 147 
tr.agnitudes may be in error 

1. 2 x :0-12 159 

5.1 x 10-12 -8 

-172 

1.3 x 1::;.-12 -333 

-491 

internally consistent., but their absolute 

295 FR 146 Poole and Smith 1977 

295 ,'R 146 Peole and Smitr. 1977 

295 FR 146 Peole and Smitr. 1977 

295 FR 146 Poole and Smith 1977 

295 FR 146 Poole and Smith 1977 

The rate constants in Ref. 146 are internally consistent. but their absolut.e 
magnitudes may be in 

9.2 x 10-15 

2.7 )( :0-13 

j.t) x 10-15 

5.2 x 10- 13 

The rate- constants in Ref. 3 
magni tudes may be in error 

4.7 x 10-11 

1.7 x 10-11 

3962 

3962 

3962 

173 

173 

173 

295 

295 

1500-

3500 

3650 

295 

!..F 

ST 

FR 

39 Batt and Cohen 1974 

100 Hinchen 1973 

169 Vasil I eV .•. Papin 1975 

'4 uo~t:. ana Colleu 197: 

3 Airey and Smith 1972 

internally consistent, but their absolute 

295 LF 143 Osgood ••. Sackett 1972 

295 LG 25 Bott 1972 

Rate first described in Ref. 25 as 3.7 J< 10-11 , then corrected for faster V-T 
Qe';H;::i:~v~ .. lon c: tlr (v=.c:) t,:i7 ( .... tmell i;ma DVl:.l:. 1.~70) 

4.8. x 10-11 t25 l73 295 LF 144 Csgood ••• Javan 1974 

Correction for faster V-T deactivation of BF(v=2) would give 3.1 x ::"0- 11 

~ccording to Ref. 67 

3.8 x 10-11 ±30 173 298 FT 122 KWOK and Wilkins 1975 

J. Phys. Chem. Ref. Data, Vol. 11, No.3, 1982 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Process 

lIF'(v=l) .... HF{v=l) + HF(v-=2) + HF(v=O} 

(cont'd.) 

HF(v=3) + HF(v=O) + HF(v=2) + HF(v=l) 

HI'(v~4) + HF(V-O) • HF(v=3) + HF(v=l) 

HF(v=5) + HF(v=O) • HF(v=4) + HF(v=l) 

Type 

v-v & v-'r 

v-v &. V-T 

v-v 8. V-T 

Rate Constant Error 

(cm3 /tl'.olecule.s) (%) 

3.1 x 10-11 173 

Temp 

(K) 

295 

Method 

FR 

Reference Number, Author 
or First and Last Author I 

Year of Publication 

147 Poole and Smith 1977 

The rate constants in Ref. 147 are internally consistent, but their absolute 
magoi tudes may be in er ror 

It is possible that ':.his v-v rate has a significant V-T contribution in 
all measurements 

2.0 x 10- 11 -340 

'Hi" 

295 

V-T relaxation underestimated according to Ref. 67 

±25 

2.5 x 10-11 ±40 

-340 

362< 

-340 

3622 

-340 

36n 

295 LF 

298 

295 FR 

3 Airey and Smith 1972 

144 Osgood ••• Javan 1914 

122 Kwok and Wi lkins 1975 

146 Poole and Smith 1977 

The rat.e const.ants in Ref. 146 are int.et"nally consist.ent, but. t:.heir absolute 
magnitudes may be in error 

2.7 x 10-11 ±IS -340 295 LF 76 DO\1g1as and Moore 1978 
3622 

Direct exei tation to HF(v=3) 

3.2 x 10-1l t20 -340 295 LP 123 Lampert and Crim 1980 

3622 

Direct excitation to HF( v=3) 

3.02 x 10-1l ±lO -340 295 LF 112 Jursich aGO Crim 1991 

3622 

Direct excitation to HF(v=3) 

3.1 10-11 flO -340 295- LF 80 Fester and Crim 1981 

1.9 x 10-11 3622 650 

V-T contribution thought. to be a substantial fraction of the total rate 

5.3 10-1l -503 295 FR 3 1\irey and Smith 1972 

3459 

3.7 , 1O-1l ±2S -503 295 LF 144 Osgood ••• Javan 1974 

3459 

2.7 10-11 ±40 -503 298 Fr 122 Kwok. and Wilkir.s 1975 

3459 

3.2 lO-ll -S03 29!'i P. ,.'; Pool'" .nn ~mlf"h ~ q77 

3459 

The rate constants in Ref. 146 are internally consistent j but their absolute 
magni tudes may l;:e in error 

±IC 

Direct excitatior. to HF(v<=4) 

7.0 )C 10-11 :!;15 

8.8 x 1Q-11 ±IS 

Direct excitation to HF'(v=4) 

7.28 x .:"Q 11 .:t4 

7.2)C 10-11 .tlO 

4,6 x 10-L" 

-503 

3459 

-503 

3459 

-503 

3459 

-503 

3459 

-503 

3459 

295 

295 

295 

295 

295-

()7::' 

V-T contribution thought to be substantia 1 

8.7x10-12 ±60 

-662 

3299 

-662 

3299 

295 

29B 

LF 76 Douglas and Moon~ 1978 

LF' 77 Douglas and Moore 1979 

LF 123 Lampert und Crim 1980 

r,F 112 Jursich and Crirr. J 981 

LF' 86 Foster and Crim 1981 

FR 3 Airey dnd Smitl-. 1972 

F'l' 122 Kwok and Wilkins 1975 

J. Phys. Chem. Ref. Data. Vol. 11. No. 3.1982 
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III" (.' ',) I • ~ • 

HF(vuG) + IIF{V>=O) ... HF(v=5) -I- :lPtv=l) v-v & V-T 

!-:F{v=l) -l- IIF{v'-~O) ... HF(v=O) + IlF(v=O) V-T 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 

STFf'III NIl. U.ONE 

,l "'IH'I '.IY transfer (conti nued) 

6E(cm-1) Temp ~ethod 
I ."., I "('111 c· s) (%) (+=exo) (K) 

-662 295 FR 

Reference Number, Author 
or First and Last Author, 

Yea!:" of Publication 

146 Poole and Sm::" tr. 1977 

'::'he rate constants in Ref. 146 

magni t.udes may be in 

internally consistent, but their absolute 

5.8 x 10-11 

DiI:ect excitatior. to HP( v=5) 

±3C 

1.49 ,. ~O-LO 1:10 

-662 

3299 

-662 

3299 

-622 

-662 

295 

295 

298 

295-

8.J ;.c 10-11 -1% at 295 3299 625 

V-'1' contribution t.hought to be substanti.J 1 

1.0 )< 10-10 

;l;3C 

-819 

3143 

-819 

3143 

-819 

3143 

295 

295 

298 

V-T contribution thought to be substantial 

LF 

Fl' 

LF 

FT 

fR 

FT 

120 Kwok and Cohen, private 

communication, in Ref. 174 

112 Jursich and Crim :"981 

81 Dz,e1zkalns dnd Kaufman 1982 

86 Foster and Crim 1981 

120 Kwok and Cohen, private 

cornmunication, in Ref. 174 

146 Poole and Srr . .ith 1977 

81 Dz,c1zka1ns and Kaufman 1982 

The rate constants in Ref. 146 

magni'tudes may be in erJ;"or; 

internally consistent. but their absolute 

4.6 x 10-10 !30 29BB 29B 

V-T cor.t.ribution thought to be substantial 

Theory precicts V-'l' is substantial, see e.g. 
Ref. 68, where 95% of rate fa!" v=7 is V-T 

1.8 x 10-12 

2.70 x 10-12 

2.7 x :"0- 12 

Wi ~h A.r d il ucnt 

:'0 1::2 

Without Ar diluent 

.:tID 3952 295 

3962 294 

710 294 

FT 81 Dze1zkalns and Kaufman 1982 

68 Coltrin and Marcus 1980 

LF' 25 Dott J 972 

LF 94 Hancoc'k and Green 1972 

LF 95 Hancock and Green 1972 

Rate is slower presumably becat:.se V-R transfer forms a batt leneck to relaxation 

2.7 x 10-12 ,1 3962 295 Lf 92 Green and }lancQc}< 1973 

2~ 25 x lC-12 3%2 295 LF 28 Bott 1974 

Corrected Green and Hancock result for error in partial pressure neasurement_ 

2.6 x 10- 12 ±10 3962 295 Lf' 89 Pried and Taylor 1973 

1.9, :0-l2 tl0 3962 295 LF' 100 Hinchen 1973 

no 3962 295 10:' Hj.nchen 1973 

± 1.5 3962 300 Lr hhl and Cool 1~13 

l.81 x 1.:- 12 ! 15 3962 Lf 28 Bott 1974 

Correctecl Ahl. a:ld Cool result fot- errot' in pa.rtial pressure mea.surement 

3962 29::' 37 Bot.t and Cohen 1973 

2.6 10-12 3962 291 Lf 121 Lucht clnd Cool 1974 

,25 3962 295 LF 128 Lucht and Cool 1974 

Noted that without A.r diluent the r.:te is slower 

2.18 x 10- 1 :2 ,15 3962 291 LF 2B Bott 1974 

Corrected :"'ucht and Cool ::-esllit for ir. partial pressure rr.easurement 

3962 295 LF 144 osgood ... J'avan 1974 

:!:20 3962 29B f1 122 Xwok and ",'ilki:ls 1975 

1.45 x 10-12 295 I.F 93 Flancock and Green 1975 
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Table L Rate coefficients for vibrational energy transfer (continued) 

Process 

HF(v=l) + HF(v=O} -+ HF(v=O) + HF(v=O) 

(cont 'd.) 

lIF(v=2) + HF(v-O) • HF(v=l) + HF(v=O) 

HF(v=3 ) + 112(v=O) + HF(v=2) + H2(v=1) 

HF(v=4 ) + H2(v=O) ... HF(v=3) + H2(v=0) 

HF(v=5) + 112(v-O) + HF(v=4) + H2 (V=O) 

HF(v=6) + E2(v=0) ... HF{v=S) + !l2(v~0) 

EF(ve 7) + H2 (vz O) + HF(v-6) + H2(v=O) 

Type 

V-T 

V-V, V-T 

V-T 

V-T 

V-T 

V-T 

Rate Constant Error ~E(cm-l) Temp 

(cm3/molecule-s) (% ) (+~exo) (K) 

Reference Number. l\uthor 
Method or First and Last Author, 

Year of Publication 

3 x 10-12 ±SO 3962 200 LF 93 Hancock and Green 1975 

2.2 10-12 !lO 3962 205- LF 129 Lucht and Cool 1975 

1.5 x 10-12 358 

4~3 )t 10-12 3962 330 SP 154 Rityn .... Slobodskaya 1974 

Possibly some residual wat.er vapor present 

l.BO x 10-12 

2.6 x 10-12 

1.4 x 10-12 

2.6 • 10-12 

1. 4 x 10-12 

1.2 x 10-12 

1.3 If: 10-12 

L8 x 10-12 

l..0 M J.o-1.'2 

1.8 x 10-12 

7.5 , 10-13 

1.4 x to-12 

l.6 , 10-12 

8.3 x 10-13 

6.0 , 10-12 

9.5 x 10-14 

1.5 x 10 ... 11 

6.9 • 10-13 

4.6 , 10-11 

±s 

±lO 

!20 

±lS 

±lC 

.:!:lO 

±10 

±30 

39':."1 

3962 

3962 

3962 

3962 

39&2 

3962 

3962 

:1Qh' 

3962 

3962 

3962 

3.0 

350 

350 

300-

670 

300-

67S 

295-

730 

295-

'00 

295-

1000 

Pinn_ 

2400 

1350-

4000 

1400-

4100 

1500-

5000 

2 J\ire.)" Qnd Pried 1971. 

LF 166 Stephens and Cool 1972 

LF 1 Ahl and Cool 1973 

LF 127 Lucbt and Cool 1974 

LF 128 Lucht and Cool 1914 

LF 89 F<ied ••• Taylor 1973 

LF-ST 101 Hinchen 1973 

LF 25 Sott 1972 

ST 34 Batt and Cohen 1971 

ST 164 Solomon •• ~ Bnat 1971 

ST 171 Va.sil·ev .... Tal·ro~e 1973 

There is a broad minimum in the rate constant at 1200 K 

There is a minimum in tbe probability at 900 K 

3789 295 LG 67 Coben and Bott 1976 

3 ... 6 x 10-13 ±10 -535 295 LF 31 Bott 1976 
Sequential absorption to HF( v=3) 

1 ~ S ... .10-13 
"S3~ 2'::: 14. Pvv111;11 am] :5lld. th 1"71 

3.1 . 10-13 120 -535 295 LF 77 Douglas and Moore 1979 

Direct excitation to HF(v"'3) 

3 .. 5 x 10-13 ±lO -535 295 LF 44 Batt and Heidner 1980 
Sequential absorption to HF( v=3} 

1.8 x 10-13 :tlS -535 200 LF 44 Bott and Heidner 1980 

2.1 x 10-13 3459 295 FR 146 Poole and Smith 1977 

4.7 x 10-13 t2S 3459 295 LF 17 Douglas and Moore 1979 

Thought. to be mainly V-T 

4 .. 9 )( 10-13 3299 295 FR 146 Poole and Smith 1977 

1 .. S )( 10-12 130 3299 298 FT e 1 D.t.elz1c::a Ins a.nd Kaufman 1982 
Thought to be rna in1 y V-T 

9.9 :II: 10-13 3143 295 FR 146 Poole and Smith 1977 

3.4 x 10-12 t30 3143 298 FT 91 O-eelzkalns and Kaufman 19B2 
Thought to be n:tainly V-T 

1.6 ')( 10-12 2988 295 FR 146 Poole and Smith 1977 
The rat.e constants in Ref. 146 are internally consi6t.ent~ out their absolute 

magnitudes may be in error 
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Table 1. R3.t~~ Goe({icil.!nts for vibrdtional energy ~ransfer (continued) 

HF(v=7) + H2(V£0) 4 HF(v=6) + RZ(V.Q) 

(cont' 0.) 

HF(V-2) + H20 .. HF(v=-l) + H20t 

HF{v=3)' + H20 -+ HF(v=2) + H20t 

HF{v"'4) + H20.,. HP(v=3) + fi20 t 

HF(v=5} + H20 .. HF(v=4) + H20t 

HF(v::::6) + H20'" HP(V=S) + H20 t 

HF(v=7) + H20'" HFCv=6) + H20t 

HF(v=2) + H2S • AF(v=ll + "2St 

HF(v=3) + "2S ~ HF(=2) + H2S1 

HF(v-!) + HI(V=O) + HF(v=O) + HI(v=l) 

HF(v=6) + HI(V=O) • HF(v=5) + HI(v=l) 

HF(v~l) + I .. HF(v=O) + 1 

'j:ype 

V-T 

v-v 6< V-'!' 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-'I' 

v-v & V-T 

V-T 

'RFl.t'e c.on~tFl.r.t Forr!')[' ne(clIl-l.) 'Iemp 

(cm3/rnolecul~·s~ C%;) (+=exo) (I<j 

9.0 x 10-12 :!:30 2988 298 

Thought to be mainly V-T 

3962 295 

±3S 3962 295 

FT 

LF 

LF 

Reference Number. Author 
<..11. f"il..::>t. Q.llIJ. LQ,;;,L Aul,::WJ.l.1 

Year of Publication 

81 Dzelzkalns and Kaufman 1982 

95 Hancock and Green 1972 

37 Bott and Cohen 1913 

The intercept was misquoted; the t:'esult in Ref. 27 is better 

..... 1.2 x 10-13 

Estirr.ate cnly 

3.5 x 10-14 

~3.1 x 10-14 

~3.1 x 10-14 

1. 0 x 10-10 

4.9 x IO-L':' 

4.0 )( 10-10 

6.2 x 10-10 

7.6 x 10-10 

6.5 x 10-10 

3.7 x 10-10 

3.1 x 10-10 

:!:30 

.tIS 

3962 

3962 

3962 

295 

295 

295 

457-

611 

206 (OOl) 294 

310(100) 

206(001) 1630-

310(100) 2920 

3789 295 

3622 295 

3459 295 

3299 295 

3143 295 

2988 295 

LF 

LF 

LF 

100 Hincllen 1973 

27 Bott. 1974 

141 Osgood, private 
communication in Ref. 27 

LF-ST 27 Bott 1974 

95 Hancock and Greett 1972 

ST 20 Blauer~ •• Owens 1972 

FR 147 Poole and Smith 1977 

147 Fool-e and Smit:.h 1977 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

FR 147 Poole and Smith 1977 

PR 147 Poole and Smith 1977 

The rate constants in Ref. 141 

magnitudes may be in 

inter-nally consistent, but t.heir absolute 

2.3 x 10-12 

8.6 x 10-12 

, 0-14 

2.0 x 10-10 

,,:;10 

t30 3962 298 

,,50 3789 29B 

±50 3622 298 

~60 1950 (v=l} 300 

-41B(v=2) 

±ID 

jQe;.(1(u,:;;] ) 

-41Blv=2 ) 

295 

3') Oot.t. and Cohen 1,}74 

FT j,,19' Kwok and Wi.lkins 1974 

FT 119 Kwok and Wilkins 1974 

FT IlY Kwok. and Wllk.l..I1s 1914 

Lf 1 IIhl and Cool 1973 

1 Ahl ,.r1n r.nn1 1 q71 

LF 162 Wrigley "nd Smith 1981 

Deactivation of l~ser initiated reaction product. 

3.8 x 10-12 

3.6 x 10-11 
±50 3962 1600-

3000 

ST 18 Blauer and Solomcn 1973 

HF(v=2) + I • HF(v=O) + IiI*) V-'l' Ii. V-E ~3 x 10-1 2. ±35 7751 

147(r*) 

295 LF 148 Pritt and Coombe 1916 

HF + NaF, see NaF + HF 

HF{v=3) + NH3 .,. IiF(v:::2) + Nfl3! 

HF(v=4) + NH3 + HF(v=3) + NH3t 

HF(v=5) + NH3 .. HF(v=4) + NH3t 

v-v & V-T 

v-v r.. V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

J. Phys. Chem. Ref. Data, Vol. 11, No.3, 1982 

V-E cantribllticn to the ':.otal deactivation from reverse process 

7751 

147(I*) 

295 LF 69 Coombe and Pritt 1977 

Value obtained from V-E cont.ribution to the total deact.ivaticn, 
:..-v ~hannel est:.abllsnea to Oe. J!)t; 

3962 295 LF 39 aott and Cohen 1974 

:".9 .... 10-10 3789 295 FR 147 Poole and Smit.h 1977 

3622 295 FR 147 Poole and Smith 1977 

3459 295 FR 147 Poole and Smith 1977 

3299 2.95 fR 147 Poole and Smith 1977 
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Table 1. Rate coefficients for vibrational energy transfer (continued) 

Type 

v-v & V-T 

V-V, V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v &: V-T 

V ... V 6.:. V-T 

v-v & V-T 

v-v & V-T 

V-V, V-T 

v-v &: V-T 

v-v & V-T 

V ... V & V-T 

Rate Constant Error 6E( cm-1) Temp 
(crr,3jmolecule.s) (%) {+=exo) (K) 

2.8 :)( 10-10 3143 295 

Method 

"R 

Reference Number I Author 
or First and Last. A.ut.hor J 

Year of Publicat.ion 

147 Poole and Smith 1977 

The rate constants in Ref. 147 

rr.agni tudes may be in error 

internally consistent, 'out their absolute 

4.0 , 10-15 ±50 1630 

3.9 )( ::'O-L5 150 1630 

.L10 1(i::lO 

May contain large V-T contribution 

4.3 .lC 10-15 

<1.2)< 10-14 

6.2 x 10-15 

9.1 x 10-14 

S:. J- ... LQ-14 

4.3 x 10-13 

9.5 x 10-14 

2.2 , 10-13 

2.5 x 10-14 

tIS 1630 

tlS 1630 

uo 1.630 

:630 

t50 1630 

1630 

:6~ 1630 

;15 1462 

Sequential absorption to HF( v=2) 

1462 

±15 1295 

Sequential absorption to HF( v=3} 

2.8 x 10-14 1295 

7.1 • 10-14 1295 

294 LF 94 Hancock and Orean 1972 

294 LF 95 Hancock and Green 1972 

07 nVLL Dud Cohen 1?7:;3 

295 LF 31 Bott 1976 

295 LF 44 Bott and Heidner 1980 

200 LF 44 Bott and lieidner 1980 

350 LF 2 Airey and Fried 1971 

350 LF 89 Fried .•• Taylor 1973 

450- LF-ST 37 Bot<. and cohen 1973 

1700 

3200 

1400-

3200 

295 

295 

295 

295 

ST 

l'R 

l'R 

LF 

19 Blauer.HOwe-ns 1972 

31 Bott 1916 

14' Poole and S:ttith 1977 

31 Bott 1976 

147 PooLe and S~ith 1977 

163 Smith and Wrigley 1980 

Deactivation of laser initiated reaction product. 

1128 295 FR 147 Poole and Smith 1977 

;tlO 1128 295 LF 162 Smith and Wri<.'llev 1981 

Deactivation of laser initiated reaction product 

967 295 FR 147 Poole and Smith 1977 

7.0 )( 10-13 809 295 fR 147 Poole .uno Smith 1977 

:1:35 809 295 LF 162 Sr:dth ..:lnd Wrigley 1991 

654 295 FR 147 Poole and Smith 1977 

Trie rate constants in Ref. 147 interna.lly ccnsist.~nt, but their absolute 

magnitudes may be in error-

1.0 )( 10-12 ±10 3962 295 39 Bott and Cohen 1974 

3.8 )( 10-13 ±30 3962 298 F'~' t 19 Kwok and Cohen 1974 

6.8 )( 10-13 f50 3789 298 p'r ':')9 I:<wOK and Cohen 1974 

1.0 x 10-11 3789 295 147 Poole and Smith 1977 

3622 295 FR 147 Poole and Smith 1977 

1.4 x 10-11 3622 296 163 Smith ana Nrigley 1980 

DeactiVation of laser initiated renct ion produ::t 

3.0 • 10-11 3459 295 FR 147 Poole and Srui th 1977 

5.9 x 10-11 = 15 295 LF 162 Smith and Wrigley 1981 

Deactivation of laser initiateo reaction product 

3299 295 FR 147 Poole and Smith 1977 

1.2)( 10-10 :30 3299 298 FT 81 Dze1zkalns and Kaufman 1982 

J. Phys. Chern. Ref. Data, Vol. 11, No.3, 1982 
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'r::tblt':' 1. ~CltQ coefficients for vibrational enerqy transfer (continued) 

procea.s 

HF{v=l) + NO(v=OJ + HF(v=o) + NO(v=l) 

.!::IF + NO, see also NO + ElF 

HF(v=l) + 0 + !IF(v=o) + 0 

HF(v=5) + 02(v=O) + llF(V,,",) + 02(v=l) 

HF(v=6) + 02(v=O) + HF(v=5) + 02(v=IJ 

HP(v=l) + PF5 + HF(v=O J + PF51 

HPh=l) + SF6 • HP(V=O) + SF6t 

Type 

v-v. V-T 

v-v & V-T 

V-V, V-T 

V-T 

V-v, V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

V-V. V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

v-v & V-T 

J. Phys. Chern. Ref. Data, Vol. 11, No. 3,1982 

Ra te Con2$tant Error 

(cmJ/rnOlteCule·sJ ~1;) 

3143 

Temp 

IK) 

295 

Metbod 

FR 

R.eference Number, Author 
or First and Last Author ~ 

Year of Publication 

147 Poole and Smith 1977 

The rate constants in ReL 147 ar~ internally consiatent. but their absolute 

magni tudes may be in error 

1.8 • 10-10 

1.9 • 10-13 

3.4 , 10-13 

I.) x !O-u: 

1.1 , 10-11 

2.5 x 10-12 

1:35 3143 295 

±30 3143 298 

±30 2988 298 

.20 2083 (_I) 295 

235(V=2J 

.20 2083(_1) 295 

±20 

.'!:20 

235(_2) 

2083(_1) 1060-

235(v-2) 2660 

3962 

3962 

3962 

295 

295 

1400-

2500 

%15 2403(v=1) 295 

671 (v=2) 

V-T contribution may be large 

1.1 x 10-14 no 2403 (v=1) 295 

871 (v=2) 

LF 162 Smith and Wrigley 1981 

FT 81 D~elz'k.alns and Kaufman 1982 

PT 81 Dzelzkalns and Kaufman 1982 

37 Batt and Cohen 1973 

LF 92 Green and Hancoc}c. 1973 

ST 20 Blauer .... Owens 1972 

LF 149 Quigley and Wo19a 1974 

LF 151 Quigley and Wo1ga 1915 

ST 18 Blauer and SolotQ()n 1913 

37 Bott and Cohen 1973 

LF 37 Hancock and Green 1973 

1.4 x 10-15 

1. 3 x 10-14 
HO 2403 (v=1) 295- LF-ST 37 Bot.t and Cohen 1973 

871 (v-2) 900 

4 .. ~ x lO-l..1 

1.7 x 10-1S 
!:5U :t4UJ (v=.1) 14UU- ST 1':1 Blauer'" ... Owens 19"12 

2.0 x 10-14 

2.2 x 10-13 

<1.4 x 10-14 

2.3 x 10-14 

871 (",,2) 3000 

2403 (v-ll 1200-

871(_2) 3500 

2233 (v=ll 295 

±15 2066("",1l 295 

Sequential absorption to HF{v=3} 

2066(v=l) 295 

±35 2066("...1l 296 

ST 

FR 

LF 

FR 

LF 

Deactivation of laser initiated reaction product 

8.4 x 10-14 1902(v=l) 295 FR 

,20 1902 (val J 295 LF 

Deactivation of laser initated ['aaetion product 

1741 (v~ll 295 FR 

1584(v=1) 295 FR 

±40 1584{v=1l 295 LF 

7.2 x 10-13 1428{v-ll 295 FR 

169 Vasil'ev ••• Papin 1975 

147 Poole and Smith 1917 

31 Batt 1976 

141 Poole and Smith 1917 

163 Smith and Wrigley 1980 

147 Poole and smith 1977 

162 Smith and Wrigley 1981 

147 Poole and Smith 1977 

147 Poole and Smith 1977 

162 Smit.b and Wrigley 1981 

147 Poole and Smith 1977 

The rate constants in Ref~ 147 are internally consistent. but their absolute 

magnitudes maY' be in error 

:tlS 3962 295 LF 39 Batt and Cohen 1974 

185 3962 295 89 Fried .... Taylor 1973 

<1.5 I( 10-15 3962 295 39 aott and Cohen 1974 

<5 x 10-15 3789 299 FT 119 Kwok and Cohen 1974 

3769 295 Fl< 147 Poole and smith 1977 
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Table 1.. Rate coefficients for 'Jibrat.ional energy transfer (continued) 

!?rocess 

HF(v=3} + S:E'6 + HF{v=2) + SF6 f 

HF(v=4) ... SF6 + HF('F3) ... SP6 t 

HF(V~5) ... S1"6 + HF(v-4) .. SF" t 

HF(v=6) + SF6 + HF(v-5) ... SF6 t 

HF(V=7) + SF6 + HF(v=6) + SPlit 

HP(v=l) + SiF4 + HF(v=O) + SiF4 • 

HF(v=l) + 5°2 + HF(V='O) ... B02 t 

HF(V=l) + SO,F, + HF(V=O) + SO,F, t 

H2(VDO + DBr(v-ol • H2 (V=0) + DBr(v-l) 

H2 (v=l) + HF{vr=::l) + H2 {v=O) + HF(v=2) 

Type 

v-v & V-T 

1.6" 10-14 

V-V. V-T 

v-v & V-T 7.0 ~ 10-14 

v-v. V-T 

v-v & V-T 3.5 x 10-13 

AE(cm" 1) 
(+=exo) 

3622 

3022 

3459 

3299 

3143 

2988 

Reference Nunber t Author 

(K) 
Method or First and Last Authot:, 

Year of Publication 

298 FT 119 Kwo}o: and cohen 1974 

295 147 Poole and Smith 1977 

295 FR 147 Poole and Smith 1977 

295 FR 147 Poole and Smi.th 1977 

295 FR 147 Poole and Smith 1977 

295 FR 147 Poole and Smith 1977 

The rate constants in Ref .. 147 are internally consistent~ but their absolute 

magnitudes may 'be in error 

v-v & V-T ,S1 .. 0 )( 10-14 ~15 3962 295 

V-V" V-T 7.4 x 10-13 tIS 3962 295 

v-v & V-T 4.4 x 10-13 ±l0 3962 295 

V-V" V-T 6.5 x 10-15 flO 2321 (v=l ) 296 

527(v-2) 

Laser Raman ex;cit.ation of HZ 

v-v & V-'C 

v-v & V-T 

v-v t. V-T 

v-v 

v-v 

V-T 

2.13 )( 10 14 ±s ~O&l;Jlv=lJ :lYb 

34(_2) 

tiO 1604 

:H5 1274 

3.9 x 10-14 us 1274 

4.7 x 10-14 tIS 1274 

Laser Raman excitation of H2 

3*8 ~ :;'0-14 

4.6 ;II: 10-14 

3. '7 )C 10-1.3 

1.6 x 10-12 

1.94)C 10-12 

1.95 x 10-12 

1.34 x 10-12 

'30 

.t50 

.tlS 

±5 

±5 

1274 

1274 

201 

201 

201 

201 

May contain a small V-T contribution 

1.3 x 10-12 

L 5 x 10-12 

9.27 x 10-13 

1.:) ;x 10-12 

1. 6 x 10-12 

7.B x 10-12 

<5.1 )C 10-14 

9.0 :x 1D-13 

3.5 x 10-14 

125 201 

201 

.5 201 

tID 201 

:!:.!O 

tlO 201 

±5 201 

367 

±IO 367 

±30 4160 

±65 4160 

4160 

296 

299 

295 

29" 

215-

448 

600-

2000 

294 

294 

320 

295 

295 

295 

295 

295 

200 

450-

1100 

320 

295 

295 

295 

295 

295 

LF 

IF 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

S'I' 

LF 

LF 

FT 

LF 

IF 

LF 

LF 

LF 

39 Batt and Cohen 1974 

39 Bolt and Cohen 1914 

39 Bolt and Cohen 1914 

137,138 Miller and HanCOCK 

1976,1977 

IJ / .1Jt:I M:U.ler and HancocK. 

1976,1977 

137.139 Miller and Hancock 

1976,1977 

145 Pirkle and Cool 1976 

30 Bott 1976 

137,138 Miller and HancoCk. 

;'976,1977 

145 Pirkle and Cool 1976 

155 ROsen •.• Taylor 1979 

94 Hancock and Green 1912 

95 Hancock and Green 1972 

6 Anlauf ••• Herman 1913 

37 Bott and Cohen 1973 

100 Hinchen 1973 

142 Osgood, private 
communication in Ref ~ 31 

BS Friedl private 
communication in Ref. 37 

31 Bott 1976 

LF 44 Batt and Hcidner 1980 

LF-ST 37 Bott and cohen 1973 

FT 6 l"nlauf ... Herman 1973 

LF 31 Batt. 1976 

[.F 37 Dott and Cohen 1913 

LF 100 Hinchen 1973 

LF 27 Bott 1974 

LF 141 Osgood 1974 
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Table L Rate coefficients for vibrational energy transfer (continued) 

PrOcess 

H2{v=1) + HF(v=O) + H2 (v=O} ..... HF(v=O) 

(cont I d.) 

Hr(v~l) + CO(v=O) • HI(v=O) + CO(v=O) 

HI(V=I) + CO2 (000) + HI(v=O) + C02(nrr,O) 

Type 

V-T 

V-T 

v-v 

Rate Constant 

(cm3 /molecule. s) 

3.1 x 10-14 

3.1 x 10-14 

1.4 x lC-13 

3.9 x 1O-1l 

<4.1 x 10-14 

b.O x 10' ~;) 

Error bE(em- l ) Temp 
Method 

(%) (+=exo) (K) 

±30 4160 457- LF-ST 

611 

;1:10 2230 1400- ST 

2000 

2230 295 LF 

.:!:15 419 300 LF 

Reference Number, A.uthor 
or First and Last A.uthor, 

Year of PUblication 

27 Bott 1974 

22 Borrell. .. Gutteridg8 1975 

167 Stephena:on .•• Moore 1972 

1 Ah1 and Cool 1973 

Deactivation of HF(v=2) appears to occur via double quantum transfer to HI 

HI(v=l) + HT(vcl) ... ~l{v~?).j.. t-?l(v=O} v-v 

HI(v=l) + Hl(v=O) + Hr(v=O) + !!r(v=O) V-T 

NaP(v) + HF(v=O) + NaF(v-n) + HF(v') v-v 

v-v 

v-v 

V-T 

v-v 

~20(COl) + HcHv=O) + N20(nmO) + HC1(v=0) V-T 

V-T 

NO(v=l) + HF(V-O) '+ NO (v!:IO) + HF{v=O) V-T 

OCS(OOl) + H8r(v=0) + OCS(nmO) + Hsdv=O) V-T 

03(001) + IlC1(v=0) + 03(nmO) + HC1(v=O) V-T 

J. Phys.Chem. Ref. Data, Vol. 11, No.3, 1982 

4.5 x 10-13 418 350 LF 

2. :! .. 10-13 .t.20 a. '00 

1.2 x 10-12 ±30 81 350 LF 

-1.2 x 10-14 ±15 2230 295 LF 

8.l x 10-14 ±20 2230 800- ST 

9.4 )( 10-13 1800 

-1 x 10-13 2230 1400- ST 

2300 

Some dat.a for v ;:::; '2,3 also 

.... 1.4 }o! 10-10 cs 
";{"QBseQ beam tl.uorescence, results also for MgF{v} 

5.2 x 10-14 ±IS 240 

V-T contribution is less t.han 1% 

1. h " 10-14 

3.9 x 10-14 

1.7 !II; 10-13 

1.8 x 10-13 

3.9 x 10-13 

6.4 , 10-13 

9.3 x 10-14 

1.6 , 10-12 

1.2 x 10-12 

:tIS 

110 

135 

±IO 

±30 

7>0 

2330 

100 

2224 

2224 

1876 

2062 

1740 

95 

295 LF 

1:100 

2000 

296 LF 

1000- ST 

2700 

300- LF 

700 

295 LF 

295 

2% LF 

173- FT 

419 

1 Ahl and Cool 1973 

1 M.hl. and \';00':' l~ ,,, 

1 Ahl and Cool 1973 

64 Chen •• • Moore 1968 

116 Kiefer ... Bird 1969 

66 Chow ••• Greene 1965 

82 Enselke 1979 

177 Zittel and Moore 1973 

61 Chen 1971 

50 Breshears and Bird 1971 

80 Ooyennette ••• Henry 1978 

39 Bott and Cohen 1974 

37 nott and Conen 1973 

103 Hopkins and chen 1973 

90 Gordon ••• Moy 1978 

139 Nildtin and Oraevskii 1976 
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